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NEW DISCOVERIES I N  SPACE SCIENCE AT NRL 
DURING THE PAST YEAR 

The Space Science D i v i s i o n  program has  had s u b s t a n t i a l  

s u c c e s s e s  i n  a l l  e lements  of i ts f l i g h t  program dur ing  t h e  

p a s t  year .  

The fo l lowing  is a list of some of t h e  more noteworthy 

r e s u l t s :  

1. The mean number d e n s i t y  of atoms between e a r t h  and 

Tau XR-1 (The Crab Nebula) w a s  determined t o  be 0.55 atoms ~ m - ~ ,  

assuming normal cosmic abundance. (AEROBEE) 

-2. The above s t u d y  a l so  p laced  l i m i t s  on t h e  r a t i o s  

Ne/He and O/He and showed t h a t  obse rva t ions  were compatible  w i t h  

normal cosmic abundances, b u t  incompatible  w i t h  any oxygen 

excess of a f a c t o r  of 3. (AEROBEE) 

3. A new s t u d y  of t h e  d i f f u s e ,  s o f t  x-ray background a t  

h igh  g a l a c t i c  l a t i t u d e  a g a i n  found evidence t h a t  t h e  f l u x  of 

photon energy <1 keV is g r e a t e r  t h a n  an e x t r a p o l a t i o n  of t h e  

f l u x  curve observed between 1-10 keV, and showed f o r  t h e  f i r s t  

t i m e  w i t h  c e r t a i n t y  t h a t  t h e  excess is due t o  x-rays and not 

t o  e l e c t r o n s  or o t h e r  e f f e c t s .  (AEROBEE) 

4 .  Discovery of H2 i n  the  column p a t h  between e a r t h  and 

6 P e r s e i ,  observed i n  a b s o r p t i o n  i n  t h e  1000 - 1120 A r e g i o n  

w i t h  an e l e c t r o n o g r a p h i c  camera. (AEROBEE) 

5. A slow s c a n  s t u d y  of t h e  e x t r a g a l a c t i c  source  Cen A, 

r evea led  a l o w  x-ray i n t e n s i t y  which can  be expla ined  i f  t h e  

i n f r a r e d  background glow is not  h o t t e r  t h a n  -3 OK. (AEROBEE) 

ii. 



6 .  Far  UV e l e c t r o n o g r a p h i c  r e c o r d i n g  w a s  used i n  s t a r  

f i e l d  photography f o r  t h e  first t i m e .  (AEROBEE) 

7. . Calcium K l i n e  photometry of A stars i n  t h e  Southern 

Hemisphere has  confirmed an earlier f i n d i n g  t h a t  t he  abundance 

of C a  (and presumably other meta ls )  v a r i e s  about a f a c t o r  of 

2 i n  t y p i c a l  f i e l d  popu la t ion  I stars. 

8 .  The observed dimness of geocoronal  glow over  t he  p o l a r  

caps  has  been i n t e r p r e t e d  as  t h e  e f f e c t  of a r e d u c t i o n  i n  

Hydrogen by v i r t u e  of i ts i o n i z a t i o n  (H f Of + H’ +- 0) ,  

s u p e r s o n i c  a c c e l e r a t i o n ,  and l o s s  from t h e  ea r th  i n  t h e  outward 

f l o w  of t h e  p o l a r  wind. (OGO-4) 

9.  A 1304 A 01 glow w a s  d i scovered ,  which occur s  i n  

pos t - sunse t  or pre-dawn p e r i o d s  when t h e  p o r t i o n  of ear th  

magne t i ca l ly  con juga te  t o  t h e  observ ing  p o i n t  is s u n l i t  a t  

approximately t h e  200 Km l e v e l .  (OW-4) 

10. Discovery of t h e  magnetoglow of H e  I1 304 A i n  t h e  

n i g h t  sky.  The p o r t i o n  of t h e  magnetosphere below t h e  plasma- 

pause is glowing w i t h  r e s o n a n t l y  s c a t t e r e d  304 A photons and 

t h e  magnetospheric s t r u c t u r e  can, i n  p r i n c i p l e ,  be s t u d i e d  by 

304 A photography. (AEROBEE) 

11. S o l a r  f l a r e  plasmas have been found t o  have a 

c h a r a c t e r i s t i c  t i m e  h i s t o r y  p a t t e r n .  C h a r a c t e r i s t i c a l l y  t h e  

tempera ture  peaks first, next  t h e  x-ray r a d i a t i o n  ou tpu t ,  and 

f i n a l l y  t h e  emiss ion  measure. (SOLRAD) 

12.  S o l a r  s p e c t r a  (1170 - 1800 A) were photographed a t  

24”,  4 0 N ,  and 5‘  i n s i d e  t h e  photospher ic  l i m i t ,  t h e  p r o f i l e s  of 

H I Lyman-a; , t h e  01 (3p - 3 S 6 )  resonance t r i p l e t  1302, 5, 6 ;  

S i  11, C I1 and A 1  I1 showing s o l a r  r e v e r s a l s  of g r e a t e s t  depth  

c l o s e  t o  t h e  l i m b .  
-9;$6 



UPPER A I R  PHYSICS BRANCH 

X-Ray Astronomy Program 

Since  t h e  l a s t  r e p o r t  x-ray o b s e r v a t i o n s  of bo th  discrete 

objects and of t h e  d i f f u s e  background of space have cont inued ,  

u s i n g  t h e  Aerobee rocket a s  carrier v e h i c l e .  The h i g h l i g h t  of t h e  

e f f o r t  was t h e  d i scove ry  of t h e  x-ray p u l s a r  i n  t h e  Crab Nebula 

and t h e  measurement of its x-ray l i g h t  curve.  The x-ray l i g h t  

curve  w a s  found t o  be remarkably s i m i l a r  t o  t h e  l i g h t  cu rve  

observed i n  t h e  v i s i b l e ,  except  t h a t  a h ighe r  f r a c t i o n  of x-ray 

emiss ion  occur s  d u r i n g  t h e  secondary pu l se .  The secondary p u l s e  

is a l s o  s e e n  t o  s t a r t  ear l ier  t h a n  its o p t i c a l  c o u n t e r p a r t .  The 

i n t e g r a t e d  x-ray ou tpu t  of t h e  p u l s a r  was found t o  be e q u a l  t o  

6% of t h e  t o t a l  x-ray ou tpu t  of t h e  Crab Nebula. 

X-ray s t u d i e s  of t h e  Crab Nebula were carried out  w i t h  

s p e c i a l  emphasis be ing  g iven  t o  t h e  s o f t  x-ray p o r t i o n  of t h e  

spectrum, where t h e  absorbed f l u x e s  provide  a measure of t h e  

column d e n s i t y  of i n t e r s t e l l a r  m a t e r i a l .  Using a combination of 

p r o p o r t i o n a l  coun te r  p u l s e  ampli tude spec t roscopy and two c o l o r  

photometry based on t h e  t r a n s m i s s i o n  p r o p e r t i e s  of Mylar and 

Te f lon  windows, t h e  mean number d e n s i t y  of atoms between e a r t h  

and Tau XR-1 w a s  determined. t o  be 0.55 atoms cmm3, assuming 

normal cosmic abundance. Some of t h e  abso rp t ion ,  however, may 

be due t o  H e  w i t h i n  t h e  source .  The s t u d y  a l s o  p laced  l i m i t s  

on t h e  r a t i o s  N e / H e  and O/He and showed t h a t  o b s e r v a t i o n s  were 
. 

compatible  w i t h  normal cosmic abundances bu t  incompatible  w i t h  

a n  oxygen excess  of a f a c t o r  of 3. A photon spectrum f i t t i n g  an  



emission l a w  i n  t h e  1-10 keV r e g i o n  o f :  

2.0k.1 dE n (E) dE = 9.27 E- 

was i n d i c a t e d  by t h e  r e s u l t s .  

A new s t u d y  of t h e  d i f f u s e  s o f t  x-ray background a t  high 

g a l a c t i c  l a t i t u d e  w a s  performed w i t h  t h e  same coun te r  assembly. 

Th i s  second s t u d y  a g a i n  found ev idence  t h a t  t h e  d i f f u s e  s o f t  

x-ray f l u x  of photon energy  < 1 keV is g r e a t e r  t h a n  an  ex t r apo la -  

t i o n  of t h e  f l u x  curve  observed between 1-10 keV, and showed 

for t h e  f i r s t  t i m e  w i t h  c e r t a i n t y  t h a t  t h e  e x c e s s  is genuine ly  

due t o  x-rays and not to e l e c t r o n s  or o t h e r  e f f e c t s .  The 

e x c e s s  f l u x  is e x p l a i n a b l e  e i t h e r  in te rms  of an i n c r e a s e  i n  t h e  

background s p e c t r a l  index  toward lower energy,  or i n  terms of 

an  added thermal component, perhaps emiss ion  from a ho t  

i n t e r g a l a c t i c  medium. Th i s  s t u d y  i n d i c a t e d  t h a t  a gas  tempera ture  

of - 4 m i l l i o n  degrees  w.ould have t o  be assumed f o r  t h i s  thermal  

component i n s t e a d  of t h e  1 m i l l i o n  degree  tempera ture ,  or less, 

r e p o r t e d  p rev ious ly .  The h igher  tempera ture  is r e q u i r e d ,  

because t h e  new s t u d y  shows t h a t  an  excess  s o f t  x-ray f l u x  e x i s t s  

throughout  t h e  spectrum below 1 keV. 

Two slow s c a n  s t u d i e s  of e x t r a g a l a c t i c  sou rces  were 

c a r r i e d  o u t , .  t he  f i r s t  be ing  a s t u d y  of Cen A, t h e  second of 

M-87 and 3C273.  The scan  of  Cen A r e s u l t e d  i n  p o s i t i v e  

i n d i c a t i o n  of emis s ion  from t h e  n o r t h e r n  r a d i o  lobe and 

t h e  o p t i c a l  c e n t e r ,  b u t  a t  on ly  a 2 0  s t a t i s t i c a l  l e v e l .  The 

r e l a t i v e l y  low i n t e n s i t y  measured places .  l i m i t s  on p o s s i b l e  

models of t h e  e m i t t i n g  r e l a t i v i s t i c  plasma and on t h e  i n f r a r e d  

background glow, which is s u b j e c t  to Compton s c a t t e r i n g  by t h e  

plasma. The low x-ray i n t e n s i t y  is  more e a s i l y  expla ined  i f  
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t he  i n f r a r e d  background glow is not h o t t e r  t h a n  - 3" K. The 

1969 s c a n  of M-87 r e s u l t e d  i n  a s i g n a l  110 above background, 

and de f ined  t h e  p o s i t i o n  of t h e  x-ray source  t o  be  t h e  same as  

t h a t  o f .  t h e  o p t i c a l  ga laxy  w i t h i n  an e r r o r  box of - 5 0 . 5  deg. 

The spectrum was found t o  be s o f t ,  f i t t i n g  a l a w :  

n (E) dE = 0.15  E- 300 dE 

The s c a n  of 3C273 r e s u l t e d  i n  a p o s i t i v e  s i g n a l  bu t  

a g a i n  o n l y  a t  a 20  l e v e l .  

I n f r a r e d  S t u d i e s  

A mapping survey  of a p o r t i o n  of t h e  sky near  Orion u s i n g  

a l iquid-hel ium-cooled t e l e s c o p e  and f o u r  band-sens i t ive  

d e t e c t o r s  cover ing  t h e  s p e c t r a l  range  10-1000 microns w a s  

a t tempted from a Black Brant VB r o c k e t .  The s t u d y  d id  not 

c o n t r i b u t e  r e l i a b l e  as t ronomica l  r e s u l t s  mainly because of 

i n t e r f e r e n c e  problems a s s o c i a t e d  w i t h  d u s t - l i k e  scatterers 

pass ing  by t h e  t e l e s c o p e  v iew-f ie ld .  . 

Ultraviolet-Astronomy S t u d i e s  

S t e l l a r  spec t roscopy and s t a r  f i e l d  photography w e r e  bo th  

pursued u s i n g  e l e c t r o n o g r a p h i c  camera techniques .  The h i g h l i g h t  

of t h e  program w a s  t h e  d iscovery  of s u b s t a n t i a l  amounts of H2 

i n  t h e  column p a t h  between ear th  and [ P e r s e i .  The molecular  

hydrogen w a s  observed i n  a b s o r p t i o n  i n  t h e  s p e c t r a l  r e g i o n  

1000-1120 A by means of t h e  v i b r a t i o n a l  t r a n s i t i o n s  of t h e  

Lyman resonance series (B Cu c XIZg), and bands (0,O) through 
20 -2 (7,O) were observed. c m  An H2 column d e n s i t y  of 1 .3  x 10 

w a s  deduced from a compar ison 'wi th  l a b o r a t o r y  a b s o r p t i o n  s p e c t r a .  

3 



The atomic H column d e n s i t y  as  deduced from t h e  equ iva len t  

w i d t h  of t h e  Lyman-a l i n e  a t  1216 A w a s  4 .2  x lo2' cm-2. 

The presence  of molecular  hydrogen a b s o r p t i o n  bands i n  t h e  

spectrum of 5 Per  and its l a c k  i n  t h e  a b s o r p t i o n  spectrum 

of o t h e r  b r i g h t  s ta rs  t h u s  f a r  s t u d i e d  is be l i eved  a r e s u l t  

of t h e  presence  o f  a d u s t  c loud i n  t h e  column p a t h  t o  Pel-. 

6 Per  is s t r o n g l y  reddened showing a c o l o r  e x c e s s  E (B-V) = 0.33. 

A s p e c t r a l  s t u d y  of Orion s t a r s  was carried ou t  i n  1969, 

which provided a spectrum of t h e  s t a r  8 Or ion i s .  The spectrum 

showed a n  i n t e r s t e l l a r  Lyman-a a b s o r p t i o n  l i n e  w i t h  a n  

e q u i v a l e n t  width of 16  5 4 A ,  corresponding  t o  a n  H column 

d e n s i t y  of 5 x lo2' atoms c m  , which is about o n e - f i f t h  of 

t h e  column d e n s i t y  which had been deduced from a n  i n t e r p r e t a t i o n  

of 21 c m  a b s o r p t i o n  da ta .  The r a d i o  d a t a  a g r e e s  w i t h  t h e  

u l t r a v i o l e t  d a t a ,  however, i f  an  atomic hydrogen s p i n  tempera ture  

of 20 OK, r a t h e r  t h a n  100 O K ,  is used i n  i n t e r p r e t i n g  t h e  r ad io  

r e s u l t s .  Far UV photometer d a t a  was a l s o  obta ined  f o r  6 Orion i s ,  

which i n d i c a t e s  t h a t  it is much b r i g h t e r  i n  t h e  f a r  UV t h a n  would 

be t h e  case f o r  a n  i n v e r s e  wavelength reddening l a w .  I n s t e a d  

it appea r s  t h a t  t h e  c o l o r  excess  observed i n  t h e  f a r  UV is 

almost t h e  same as  i n  the. v i s i b l e .  One p o s s i b l e  e x p l a n a t i o n  f o r  

t h e  anomalous behavior  of 6 O r i o n i s  is  t h a t  t h e  f i n e  g r a i n s  t h a t  

c o n t r i b u t e  most t o  a b s o r p t i o n  i n  t h e  f a r  UV from most stars 

have been l o s t  from t h e  d u s t  c loud  sur rounding  8 C O r i .  

-2 

1 

Also i n  1969 f a r  UV e l e c t r o n o g r a p h i c  r e c o r d i n g  w a s  used 

i n  s t a r  f i e l d  photography f o r  t h e  f irst  t i m e .  Photographs 

were t a k e n  of t h e  Orion r e g i o n  u s i n g  a Schmidt camera w i t h  

CaF c o r r e c t o r .  The most s t r i k i n g  f e a t u r e  was t h e  absence 
2. 
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any recorded s i g n a l  from a Or ion i s ,  which i l l u s t r a t e s  how 

comple te ly  t h e  extended atmosphere of a r e d  s u p e r g i a n t  degrades  

t h e  spectrum of a h igh  energy  producing o b j e c t .  Also conspicuous 

by its absence is Barna rd ' s  Loop Nebula. The l a c k  of any 

v i s i b i l i t y  of Barna rd ' s  Loop s u g g e s t s  t h a t  nebular  emission is 

much less i n  t h e  1230-2100 A s p e c t r a  r e g i o n  t h a n  i n  t h e  

2200-3200 A n e a r - u l t r a v i o l e t  r eg ion ,  probably due t o  d i f f e r e n c e s  

i n  t h e  a b s o r p t i o n  or s c a t t e r i n g  p r o p e r t i e s  of i n t e r s t e l l a r  g r a i n s  

i n  -these two wavelength r eg ions .  

V i s i b l e  and Near-Visible  Astronomy 

'Calcium K l i n e  photometry of A s t a r s  i n  t h e  Southern 

Hemisphere has confirmed an ear l ie r  f i n d i n g  t h a t  t h e  abundance 

of calcium (and presumably o t h e r  meta ls )  v a r i e s  about a f a c t o r  

of two i n  t y p i c a l  f i e l d  popu la t ion  I s t a r s .  Observat ion of s i x  

c l u s t e r s  of s t a r s ,  however, showed t h a t  i n  a t  l e a s t  one (NGC 6475) 

t h e  range of metal abundance i s  much less, perhaps w i t h i n  +20%, 

which is w i t h i n  t he  l i m i t  of s e n s i t i v i t y  of the  observ ing  method. 

T h i s  s u g g e s t s  t h a t  i n  a t  l e a s t  some c a s e s ,  c l u s t e r s  are 

of c louds  much more homogeneous i n  composition t h a n  t h e  

r u n  of material i n  t h e  g a l a c t i c  p l ane ,  

A low- l igh t - leve l  t e l e v i s i o n  has a l s o  been used i n  

born  ou t  

g e n e r a l  

combinat i o n  

w i t h  e t a l o n  H a  f i l t e r s  t o  s t u d y  H a  from t h e  J u p i t e r  d i s k .  With an  

i n i t i a l  f i l t e r  assembly evidence for  emission v a r i a t i o n s  was 

found i n  1969. The 1970 r e s u l t s  have been u n c e r t a i n ,  w i t h  s t e a d y  

J o v i a n  emission having been observed on two good n i g h t s  and v a r i a b l e  

d i s k  emiss ion  having been observed du r ing  one n i g h t .  The e t a l o n  

f i l t e r s  are now r o t a t e d  du r ing  t h e  o r t h i c o n  image i n t e g r a t i o n  

pe r iod  t o  provide improved f i e l d  uni formi ty :  

5 



Aurora, Airglow, and Geocorona 

Two low- l igh t - l eve l  image-orthicon t e l e v i s i o n  systems are 

i n  u s e  i n  Norway i n  a coope ra t ive  r e s e a r c h  e f f o r t  w i t h  t h e  

U n i v e r s i t y  of Oslo. T h e  s y s t e m s  have been used t o  photograph 

t h e  aurora .  S i n g l e  s t a t i o n  obse rva t ions  were obta ined  of one 

f laming a u r o r a ,  which occurred a t  unusua l ly  high i n v a r i a n t  

l a t i t u d e .  Assuming a 110 km a l t i t u d e  f o r  t h e  lower border  

t h e  apparent  v e l o c i t y  up  t h e  magnetic f i e l d  l i n e s  was determined 

for t h e  r i s i n g  c u r t a i n s  of l i g h t .  The emission w a s  found t o  be 

e x p l a i n a b l e  i n  terms of t h e  v e l o c i t y  d i s p e r s i o n  of e l e c t r o n s  wi th  

t h e  e l e c t r o n s  a c c e l e r a t e d  i n  bunches a t  t h e  magnetic equa to r .  

Ea r th  a u r o r a l  s t u d i e s  have cont inued  u s i n g  OGO-4 d a t a .  

The a u r o r a  is seen  b y  downward looking  photometers on bo th  day 

and n igh t  c r o s s i n g s  of t h e  a u r o r a l  ova l ,  w i t h  t h e  midday au ro ra  

be ing  on t h e  average 40% a s  i n t e n s e  a s  t h e  midnight aurora .  

P ro ton - r i ch  a u r o r a  a r e  d i s t i n g u i s h a b l e  from e l e c t r o n - r i c h  au ro ra  

and occur poleward du r ing  the l a t e  a f t e rnoon  and e a r l y  evening 

hours .  A t  i n c r e a s i n g  K t h e  a u r o r a  bo th  i n t e n s i f i e s  and moves 

t o  lower l a t i t u d e .  

does not cover  t h e  p o l a r  cap, but e x i s t s  as one o r  several  broad 

arcs around t h e  a u r o r a l  ova l .  A t  i n v a r i a n t  l a t i t u d e  g r e a t e r  t han  

P' 
The au ro ra  a s  observed i n  molecular N2 emission 

80" and a t  times near  geomagnetic midnight t h e  sky is about a s  

da rk  i n  N emission as  a t  tempera ture  l a t i t u d e s ;  hence, 

as t ronomica l  work may be p o s s i b l e  above t h e  a u r o r a l  zone. 
2 

A s  noted i n  t h e  prev ious  r e p o r t ,  r a d i a t i v e  t r a n s p o r t  t heo ry ,  

i nc lud ing  m u l t i p l e  s c a t t e r i n g ,  has  been a p p l i e d  t o  e x p l a i n  t h e  

observed Lyman-alpha a i rg low caused predominantly by t h e  s c a t t e r i n g  

of s o l a r  photons around t h e  ear th  i n  t h e  o p t i c a l l y  t h i c k  hydrogen 

geocorona. These a n a l y t i c  t echn iques  have been used t o  show t h a t  a 
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n o n - t e r r e s t r i a l  Balmer-alpha background of some 3 t o  4 r ay le ighs  

must be p r e s e n t  i n  a d d i t i o n  t o  t h e  a i rglow.  Moreover, c o r r e l a t i o n  

of Lyman-alpha i n t e n s i t i e s  observed from beyond t h e  geocorona b y  

OGO-I11 w i t h  s o l a r  a c t i v i t y  s u g g e s t s  t h e  presence of an atomic 

hydrogen component i n  space  which is s c a t t e r i n g  s o l a r  r a d i a t i o n  

and is d i s t i n c t  from t h e  geocorona. Monthly v a r i a t i o n s  of 30% 

i n  t h e  geocoronal  glow i t s e l f  provide  ev idence  f o r  the v a r i a b i l i t y  
\ 

of t h e  s o l a r  f l u x  a t  t h e  c e n t e r  of t h e  Lyman-alpha l i n e .  The 

observed dimness of geocoronal  glow over t h e  p o l a r  caps  has been 

i n t e r p r e t e d  as  t h e  effect  of a r e d u c t i o n  i n  hydrogen b y  v i r t u e  

of its i o n i z a t i o n ,  supe r son ic  a c c e l e r a t i o n ,  and l o s s  from t h e  e a r t h  

i n  t h e  outward flow of t h e  po lar  wind. 

Another glow phenomena d iscovered  is a 1304 A 01 glow which 

occur s  i n  pos t - sunse t  o r  pre-dawn p e r i o d s  when the p o r t i o n  of 

ear th  magnet ica l ly  con juga te  t o  t h e  observ ing  po in t  is s u n l i t  

a t  t h e  - 200 km l e v e l .  When t h e  s o l a r  z e n i t h  angle  of t h e  

con juga te  p o i n t  is go", t h e  t y p i c a l  i n t e n s i t y  observed f o r  the 

pos t - sunse t  o r  pre-dawn c o n d i t i o n  is - 50 r a y l e i g h s .  

Helium Magnetoglow 

A second s tudy  of t h e  n i g h t  glows r e s p o n s i b l e  for  main ta in ing  

E and lower F r e g i o n  i o n i z a t i o n  showed t h a t  H e  I1 r a d i a t i o n  a t  

304 A is i n c i d e n t  on t h e  n i g h t  sky. A mapping of t h e  304 A b r i g h t -  

n e s s  under c o n d i t i o n s  such t h a t  t h e  sun was depressed  44' below 

t h e  hor izon  a t  an  azimuth of 293" i n d i c a t e d  t h a t  an  i n t e n s i t y  

maximum of 7 r a y l e i g h s  occurred t o  t h e  southwest  a t  an azimuth 
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of 248", i n d i c a t i n g  a c o n c e n t r a t i o n  of He' i o n s  toward t h e  

e q u a t o r i a l  p l ane ,  The d a t a  imply t h a t  t h e  p o r t i o n  of the  

magnetosphere below t h e  plasmapause is glowing w i t h  r e s o n a n t l y  

scattered 304 A photons,  and t h a t  t h e  magnetospheric s t r u c t u r e  

can ,  i n  p r i n c i p l e ,  be s t u d i e d  by 304 A photography. We c a l l  t h i s  

glow phenomenon the magnetoglow. I t  is analogous t o  t h e  Lyman-a 

glow of t h e  geocorona, except  t h a t ,  s i n c e  t h e  He' s c a t t e r e r s  a r e  

charged,  t h e y  must d i s t r i b u t e  themselves  i n  conformity w i t h  t h e  

magnetic s t r u c t u r e  of t h e  e a r t h .  

t o  be found around o t h e r  p l a n e t a r y  o b j e c t s .  On t h e  sun h igh  

d e n s i t y  co rona l  s t r u c t u r e s  are s e e n  i n  magnetoglow r a d i a t i o n  from 

high  i o n i z a t i o n  s t a t e s  of i r o n ,  magnesium, and o t h e r  e lements .  

He' glow r e g i o n s  can be expected 

S o l a r  Monitoring, So la r  X-Ray Spectroscopy, Study of S o l a r  Events 

Throughout t h e  pe r iod  covered by t h i s  r e p o r t ,  t h e  x-ray 

ou tpu t  of t h e  sun has been monitored from t h e  SOLRAD 9 s a t e l l i t e ,  

w i t h  t h e  r e s u l t  t h a t  no major s o l a r  a c t i v i t y  e v e n t s  ( i . e . ,  e v e n t s  

l a s t i n g  longer  t h a n  about 20 minutes) have escaped n o t i c e .  L i s t s  

of t h e  e v e n t s  and i n t e n s i t y  p l o t s  are publ i shed  i n  t h e  ESSA 

Research L a b o r a t o r i e s '  p u b l i c a t i o n ,  l lSolar  Geophysical Data, 

o b t a i n a b l e  through World Data C e n t e r  A, Upper Atmosphere Geophysics, 

ESSA, Boulder,  Colorado 80302. I n d i v i d u a l  e v e n t s  have been 

s t u d i e d  both  by u s i n g  x-ray photometer d a t a  and b y  u s i n g  Bragg 

c r y s t a l  spec t rometer  p l o t s  of t h e i r  - 5  - -13 A emission spectrum. 

I t  has been found p o s s i b l e  t o  i n t e r p r e t  t h e  emiss ion  c h a r a c t e r  of 

a l l  e v e n t s  s t u d i e d  i n  terms of t h e  thermal  emission of h o t  plasmas. 

Observa t ions  a t  t h e  s h o r t e r  wavelengths tend  t o  emphasize t h e  

h o t t e r  p o r t i o n s  of t h e  plasma. Plasma e l e c t r o n  tempera tures  a r e  
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deduced from t h e  i n t e n s i t y  r a t i o  A X  0 . 5  - 3 A/XX 1 - 8 A, which 

p rov ides  b a s i c a l l y  an  x - ray  continuum temperature .  Plasma e l e c t r o n  

tempera tures  are a l s o  de r ived  .u s ing  l i n e  i n t e n s i t y  r a t i o s ,  

working u s u a l l y  w i t h  resonance l i n e s  of one and two e l e c t r o n  i o n s  

of t h e  same element.  More s p e c i f i c a l l y  f o r  the  case  of s i l i c o n ,  

e l e c t r o n  tempera ture  is de r ived  from t h e  l i n e  r a t i o  R observed 

for t h e  t r a n s i t i o n s  
s i  

si XIV (1s  ' ~ - 2 p  2 ~ >  / si XIII  (1s2 'S - 1s2p 'P>. 

Temperatures ca lcu l -a ted  from su lphur  and calcium l i n e  r a t i o s  are  

s l i g h t l y  h igher  t h a n  t h o s e  c a l c u l a t e d  f o r  s i l i c o n .  The tempera tures  

c a l c u l a t e d  from l i n e  r a t i o s  are i n  gene ra l  agreement w i t h  t h o s e  

c a l c u l a t e d  from t h e  x-ray continuum u s i n g  t h e  band s e n s i t i v e  

photometers,  provided the mean obse rva t ions  wavelengths a r e  i n  t h e  

same r e g i o n  of t h e  spectrum. 

A f l a r e  c l a s s i f i c a t i o n  s y s t e m  based on plasma tempera tures  
7 7 w a s  developed: Cool f l a r e s ,  Te < 10 K ;  medium f l a r e s ,  10 K < Te 

7 7 7 < 2 x 10 K ;  hot f l a r e s ,  2 x 10 K < T e  < 3 x 10 K ;  superhot  
7 f l a r e s ,  T e  > 3 x 10  K. Most s i z a b l e  x-ray e v e n t s  are medium 

f l a r e s ;  most sma l l  e v e n t s  a r e  coo l  f l a r e s ;  ho t  f l a r e s  are very 

rare;  and superhot  f l a r e s  a r e  y e t  t o  be seen.  

F l a r e  plasmas have been found t o  have a character is t ic  t i m e  

h i s t o r y  p a t t e r n .  The f l a r e  plasma is characterized b y  e l e c t r o n  

temperature ,  emiss ion  measure ( s 2  nedV) and x-ray r a d i a t i o n  ou tpu t  

C h a r a c t e r i s t i c a l l y  i n  a f l a r e  t h e  tempera ture  peaks f i r s t ,  next  

t h e  x-ray r a d i a t i o n  ou tpu t ,  and f i n a l l y  t h e  emiss ion  measure; i n  

o ther  words t h e  emiss ion  measure con t inues  t o  grow dur ing  t h e  

e a r l y  b r i g h t  s t a g e s  of f l a r e  formation,  Of ten  t h e  emission 

measure s t a y s  almost c o n s t a n t  d u r i n g  t h e  l a t e  stages of t h e  
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f l a r e  i n  which c a s e  t h e  emission of t h e  f l a r e  appears  t o  merge 

i n t o  t h a t  of t h e  corona a s  t h e  plasma c o o l s .  

I d e n t i f i c a t i o n  of most of  t h e  b r i g h t  x-ray l i n e s  from t h e  

f l a r e  plasma has been made i n  terms o f :  (1) Lyman series l i n e s  

of i o n s  w i t h  s i n g l e  e l e c t r o n s ,  (2) allowed, forb idden ,  and 

in t e rcombina t ion  l i n e s  of i o n s  w i t h  2 e l e c t r o n s ,  (3) K-x-ray 

l i n e s  ( inne r  s h e l l  t r a n s i t i o n s  or s a t e l l i t e  l i n e s )  from i o n s  

w i t h  3, 4, 5, etc.  e l e c t r o n s .  I r o n  i o n s  e m i t  most ly  K-x-ray 

l i n e s  i n  medium tempera ture  f l a r e s .  Emission l i n e s  from Mg, AR, 

S i ,  S ,  A r ,  Ca,  and Fe are dominant i n  t h e  spectrum shortward 

of 8 .5  A.  

Study of l i n e  r a t i o  changes and of continuum edges w a s  

found t o  be i n s t r u c t i v e  as  regards t h e  behavior  of hot  plasmas. 

I t  w a s  d i scove red  t h a t .  t h e  prominence of c e r t a i n  Ca  and Fe 

s a t e l l i t e  l i n e s  and t h e  e x i s t e n c e  of c e r t a i n  continuum edges 

could best be exp la ined  by d i e l e c t r o n i c  recombinat ion invo lv ing  

e x c i t a t i o n  of K s h e l l  e l e c t r o n s .  Th i s  K s h e l l  d i e l e c t r o n i c  

recombinat ion occur s  w i t h  or without  L e l e c t r o n s  be ing  p r e s e n t .  

The h igh  i n t e n s i t y  of s a t e l l i t e  l i n e  emission is d i f f i c u l t  t o  

unders tand  i n  terms of p r e s e n t  d i e l e c t r o n i c  recombinat ion theo ry .  
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RADIO ASTRONOMY BRANCH 

Water Vapor Line Emission Sources 

S t u d i e s  of t h e  i n t e r s t e l l a r  water vapor l i n e  emiss ion  a t  a 

wavelength of 1 . 3 5  c m  were i n i t i a t e d  i n  January  1969, u s i n g  t h e  

85-foot reflector a t  t h e  Maryland Po in t  Observatory.  These 

s t u d i e s  made w i t h  2 .3-arc  minute angular  r e s o l u t i o n  and 4-kHz 

s p e c t r a l  r e s o l u t i o n  showed t h e  water vapor emission r e g i o n s  

t o  have small  angu la r  d i ame te r s  and h igh  i n t e n s i t i e s  and b r i g h t n e s s  

tempera tures ,  t h e i r  s p e c t r a  t o  be .made u p  of narrow, dopp le r - sh i f t ed  

l i n e s  spread  over a wide v e l o c i t y  range--for W49 a t  l eas t  300 km/sec-- 

which a r e  ex t remely  v a r i a b l e  on ve ry  s h o r t  t i m e  scales (weeks) 

implying ve ry  sma l l  s izes,  and showed t h e  r a d i a t i o n  of some l i n e  

f e a t u r e s  t o  be s i g n i f i c a n t l y  l i n e a r l y  p o l a r i z e d  but i n  no c a s e  

c i r c u l a r l y  p o l a r i z e d ,  F ive  new sources  were found. The  extremes 

of v a r i a b i l i t y  are observed i n  t h e  W49 source  spectrum where 

narrow l i n e  f e a t u r e s  have been observed t o  grow t o  f l u x  d e n s i t i e s  

of about 10 -21 w a t t s  m'2 Hz" (antenna tempera tures  of about 

6000 O K )  and d i sappea r  i n  a month or  t w o .  The long-term observa- 

t i o n s  show t h a t  i n  a d d i t i o n  t o  t h e  i n t e n s i t y  v a r i a t i o n s ,  t h e  l i n e  

f e a t u r e s  are v a r i a b l e  i n  ha l fwid th  and v e l o c i t y  a s  w e l l .  Ve loc i ty  

s h i f t s  of 1 . 5  km/sec have been observed, bu t  as y e t  no s y s t e m  or 

p e r i o d i c i t y  is e v i d e n t  e The l ine-width  v a r i a t i o n s  are u s u a l l y  

i n v e r s e l y  coupled w i t h  i n t e n s i t y  v a r i a t i o n s .  The p o l a r i z a t i o n  

of t h e  r a d i a t i o n  i n  some l i n e  f e a t u r e s  of t h e  Orion source  v a r i e s  

from 1 0  pe rcen t  t o  40 percent  and is c o r r e l a t e d  w i t h  t h e  i n t e n s i t y  

v a r i a t i o n s  of t h e  p o l a r i z e d  f e a t u r e s .  
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Very l o n g  b a s e l i n e  i n t e r f e r o m e t e r  i n v e s t i g a t i o n s  of t h e  

water vapor s o u r c e s  have shown t h a t  t h e  most i n t e n s e  l i n e s  are 

. emi t t ed  by r e g i o n s  which are unresolved a t  t h e  longes t  

i n t e r f e r o m e t e r  b a s e l i n e  used s o  f a r ,  3600 km, p u t t i n g  l i m i t s  

on t h e i r  angular  s izes  of less t h a n  about 0.0004 arc seconds 

and on t h e i r  apparent  p h y s i c a l  s i ze s  i n  some cases of approximately 

6 as t ronomica l  u n i t s .  The small  d iameter  sou rces  a s s o c i a t e d  

w i t h  l i n e  f e a t u r e s  a t  d i f f e r e n t  r a d i a l  v e l o c i t i e s  are sp read  over 

a s m a l l  angu la r  e x t e n t .  These o b s e r v a t i o n s  are be ing  extended 

t o  longer  b a s e l i n e s ,  a d d i t i o n a l  sources ,  and greater p r e c i s i o n  t o  

determine p o s i t i o n s .  

2-cm Formaldehvde Line 

The 212 + 211 r o t a t i o n a l  t r a n s i t i o n  of i n t e r s t e l l a r  formalde- 

hyde was f i r s t  observed i n  August 1969 u s i n g  t h e  85-foot r e f l e c t o r  

a t  Maryland P o i n t ,  and has been t h e  s u b j e c t  of more r e c e n t  i n t e n s i v e  

i n v e s t i g a t i o n  u s i n g  a cooled pa rame t r i c  amplifier. The l i n e  has been 

observed i n  a b s o r p t i o n  i n  t h e  d i r e c t i o n s  of Sgr B2, Sgr A, and W51. 

The r a d i a l  v e l o c i t i e s  of t h e  2-cm l i n e s  ag ree  w i t h  t hose  observed 

f o r  t h e  6-cm l i n e  of formaldehyde a t  NRAO except  f o r  t h e  Sgr A 

r e g i o n  where t h e  maximum of t h e  2-cm a b s o r p t i o n  is d i s p l a c e d  3 '  sou th  

of t h e  continuum peak i n  agreement w i t h  t h e  ammonia cloud ra ther  t h a n  

t h e  6-cm formaldehyde cloud which is symmetric about Sgr A. The 

displacement  of t h e  Sgr A 2-cm formaldehyde a b s o r p t i o n  from t h e  6-cm 
. 
a b s o r p t i o n  i n  bo th  angular  d i s t r i b u t i o n  and Doppler v e l o c i t y  

s u g g e s t s  t h a t  t h e  main a b s o r p t i o n  a t  2 c m  and a t  6 c m  is i n  d i f f e r e n t  

r eg ions .  The energy l e v e l s  of  t h e  2-cm and 6-cm t r a n s i t i o n s  are 

connected b y  t r a n s i t i o n s  a t  2-mm wavelength and a r e  expected t o  

be  i n  e q u i l i b r i u m  w i t h  t h e  3 O  i s o t r o p i c  background r a d i a t i o n  f l u x  

a t  t h e  2-mm wavelength,  Comparison of t h e  obse rva t ions  a t  2-cm 
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' and 6-cm f o r  t h e  W 5 1  r e g i o n  imply a f l u x  a t  2-mm which 

cor responds  t o  a tempera ture  i n  t h e  range 2 t o  5 O K  and p r e s e n t  

i n v e s t i g a t i o n s  w i l l  r e s u l t  i n  more a c c u r a t e  estimates of t h e  
. .  

i s o t r o p i c  r a d i a t i o n  f l u x  a t  2-mm wavelength. 

Ammonia Line Emission Regions 

The 2.'1 angular  r e s o l u t i o n  of t h e  85-foot r e f l e c t o r  has  

been used t o  i n v e s t i g a t e  t h e  d i s t r i b u t i o n  of d e n s i t y ,  v e l o c i t y ,  

and e x c i t a t i o n  of t h e  ammonia molecules i n  t h e  galaxy. The 

i n v e s t i g a t i o n  w a s  extended t o  o t h e r  r e g i o n s  w i t h  t h e  a i d  of a 

pa rame t r i c  a m p l i f i e r .  The measurements of t h e  ( l , l ) ,  (2 ,2) ,  and 

(3,3) ammonia i n v e r s i o n  spectrum i n  t h e  Sgr B2 cloud show t h a t  t h e  

ammonia is d i s t r i b u t e d  i r r e g u l a r l y  over  a r e g i o n  8 '  x 1 4 '  i n  s ize  

and v a r i e s  cons ide rab ly  over t h i s  r e g i o n  i n  v e l o c i t y  and s t a t e s  

of e x c i t a t i o n .  Maximum column d e n s i t i e s  a r e  near  10 c m  and 16  -2 

t h e  v e l o c i t i e s  vary  +15 km/sec about an . ave rage  of 50 km/sec 

w i t h  apparent  t u r b u l e n t  v e . l o c i t i e s  of s e v e r a l  k i lome te r s  p e r  

second. T h e  k i n e t i c  t empera tu res  of t h e  gas  are mainly i n  t h e  

range  of 20 t o  100 O K .  R e l a t i v e  i n t e n s i t i e s  of t h e  i n v e r s i o n  

i n  t h e  ( l , l ) ,  (2,2), and (3,3) s ta tes  were found not  t o  correspond 

t o  e q u i l i b r i u m  c o n d i t i o n s  i n  some p a r t s  of t h e  cloud. 

The ammonia c loud  near  Sgr A c e n t e r e d  about 4' sou th  and 1' 

w e s t  of t h e  g a l a c t i c  c e n t e r  w a s  mapped i n  t h e  ( 1 , l )  and (3,3)  

r a d i a t i o n  and t o  some e x t e n t  i n  t h e  (2,2) r a d i a t i o n .  The mean 

r a d i a l  v e l o c i t y  w i t h i n  t h e  c loud  v a r i e s  from 40 km/sec t o  0 km/sec 

and t h e  l i n e w i d t h  is  about 35  km/sec. There  is a s i g n i f i c a n t  

d i f f e r e n c e  

and t h e  OH 

e x t e n t  and 

between t h e  s ize  and p o s i t i o n  of t h e  ammonia c loud  

and 6-cm formaldehyde c louds  which a r e  of l a r g e r  angular  

symmetrical  about Sgr A, a l though t h e  formaldehyde 
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observed i n  t h e  2-em t r a n s i t i o n  is s imilar  i n  p o s i t i o n  and 

angular  e x t e n t  t o  t h e  ammonia. 

Searches were made f o r  ammonia r a d i a t i o n  for a v a r i e t y  of 

p o s s i b l e  s o u r c e s  o u t s i d e  t h e  g a l a c t i c  c e n t e r  r e g i o n  w i t h  nega t ive  

r e s u l t s .  

Radio Sources 

I n  January 1969 a ve ry  long  b a s e l i n e ,  i n t e r f e r o m e t e r  experiment 

w a s  i n i t i a t e d  a t  121  M H z  between t h e  Maryland Po in t  Observatory 

and the NRAO Green Bank Observatory.  The f r i n g e  v i s i b i l i t i e s  

of  s e v e r a l  e x t r a g a l a c t i c  sou rces  and of two p u l s a r s  were measured. 

The Crab Nebula p u l s a r  appears  t o  a g r e e  i n  p o s i t i o n  w i t h  t h e  small  

d iameter  continuum sou.rce. 

The p e r i o d i c  obse rva t ions  of v a r i a b l e  rad io  sources  a t  

1.65-cm wavelength have been extended t o  inc lude  e i g h t  sources-- 

3C 84, 3 C  273, 3 C  379, and 3 C  354.3 observed p rev ious ly ,  and 

3 C  120, 3 C  345, 3C 446, and VRO 42.22.01. The obse rva t ions  a t  

9.5-mm wavelength have been less f r equen t  because of appa ra tus  

f a i l u r e s .  Outs tanding  s h o r t  term v a r i a b i l i t y  was observed f o r  

VRO 42.22.01 which doubled i n  i n t e n s i t y  i n  two month's t i m e  a t  

9.5-mm w i t h  a corresponding 50 pe rcen t  i n c r e a s e  a t  1 .65  em: 

The p u l s e  a r r i v a l  t i m e s  of f i v e  p u l s a r s  were observed over 

a year  u s i n g  t h e  150-foot Sugar Grove r e f l e c t o r  a t  405 MHz. The 

r e s i d u a l s  of t h e  a r r i v a l  times masked t h e  annual  r e l a t i v i s t i c  

effect ,  bu t  t h e  pe r iods ,  rates of change of pe r iods ,  and p o s i t i o n s  

of t h e  p u l s a r s  were determined, 
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The s p e c t r a  of a n  a d d i t i o n a l  e l e v e n  sources  w e r e  extended 

t o  1.65-cm wavelength and e i g h t  of these t o .  9 . 5 - m m  wavelength 

u s i n g  t h e  85-f oo t  r e f  l e c t o r  

Measurements of  t h e  l i n e a r  p o l a r i z a t i o n  of 135 e x t r a g a l a c t i c  

s o u r c e s  at 25.5-cm wavelength made w i t h  t h e  NRAO 300-foot 

r e f l e c t o r  were reduced. The observed degree  of p o l a r i z a t i o n  of 

t h e  source  r a d i a t i o n  shows t h e  same s t a t i s t i c a l  dependence on 

g a l a c t i c  c o o r d i n a t e s  as  was observed p r e v i o u s l y  a t  21-cm wavelength 

and i n t e r p r e t e d  as evidence  f o r  d e p o l a r i z a t i o n  of t h e  source  

r a d i a t i o n  by sma l l  scale i r r e g u l a r i t i e s  of magnetic f i e l d  o r  

e l e c t r o n  d i s t r i b u t i o n  i n  t h e  i n t e r s t e l l a r  medium. The p o s i t  i o n  

a n g l e s  of t h e  p l ane  of p o l a r i z a t i o n  a t  o t h e r  wavelengths a r e  

be ing  analyzed t o g e t h e r  w i t h  d a t a  a t  o t h e r  wavelengths t o  determine 

t h e  o v e r a l l  Faraday r o t a t i o n  i n  t h e  i n t e r s t e l l a r  medium and 

s t u d y  t h e  l a r g e  scale magnetic f i e l d  and e l e c t r o n  d i s t r i b u t i o n s  

i n  t h e  galaxy.  

Seven compact s o u r c e s  i n  ion ized  hydrogen r e g i o n s  were 

observed a t  9.5-mm, 1.65-cm, and 2.73-cm wavelengths u s i n g  t h e  

85-foot r e f l e c t o r .  The measurements show t h e  f l u x  s p e c t r a  t o  

be f l a t  w i t h  no ev idence  f o r  dense c o n c e n t r a t i o n s  which become 

o p t i c a l l y  t h i n  i n  t h i s  wavelength range .  Three p l a n e t a r y  nebulae 

were observed a t  t h e  same three wavelengths.  The r a d i o  sou rce  

near  NGC 6857 is extended and has  t h e  spectrum t o  be expected 

from a composite t he rma l  source .  

Lunar Occul t  a t  i o n s  

F ive  l u n a r  o c c u l t a t i o n s  of t h e  g a l a c t i c  c e n t e r  r e g i o n  were 

observed i n  t h e  21-cm l i n e  of n e u t r a l  hydrogen u s i n g  t h e  84-foot 

r e f l e c t o r  w i t h  an e f f e c t i v e  angu la r  r e s o l u t i o n  of 2 ’  and a s p e c t r a l  
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r e s o l u t i o n  of 4 kHz (0.85 km/sec). No s i g n i f i c a n t  sma l l  angular  

s t r u c t u r e  is apparent  i n  e i t h e r  t h e  narrow f e a t u r e  a t  -1-6 km/sec 

or  t h e  g e n e r a l  a b s o r p t i o n  ex tending  from -1-15 t o  -15 km/sec. 

P l a n e t s  

The r a d i o  emiss ion  of Uranus and Neptune w a s  measured a t  

t h r e e  wavelengths,  1 . 6 5  c m ,  2 .7  c m ,  and 6 c m  u s i n g  t h e  85-foot 

r e f l e c t o r  f o r  t h e  two shortwer  wavelengths and t h e  NRAO 140-foot 

r e f l e c t o r  a t  t h e  6-cm wavelength. The radio b r i g h t n e s s  t empera tu res  

of bo th  p l a n e t s  a t  a l l  t h r e e  wavelengths are near  200 OK confirming 

t h e  h igh  b r i g h t n e s s  tempera ture  a t  2-cm wavelength p r e v i o u s l y  

observed by NRAO and ex tend ing  t h e  s p e c t r a  t o  t h e  6-cm wavelength.  

Accurately calibrated complementary measurements of Mars and 

J u p i t e r  a t  t h e  1.65-cm and 2.7-cm wavelengths  both  provide  a c c u r a t e  

p o i n t s  on t h e  s p e c t r a  of these p l a n e t s  and add conf idence  t o  t h e  

c a l i b r a t i o n s  of t h e  Uranus and Neptune obse rva t ions .  

Accurate, s e l f - c o n s i s t e n t ,  long-term o b s e r v a t i o n s  of t h e  

r a d i o  emiss ion  of Venus over more t h a n  one complete phase c y c l e  

have been made a t  2.7-cm wavelength u s i n g  t h e  85-foot r e f l e c t o r  

and a broad band rad iometer .  The measurements show an r m s  scat ter  

of 9 O K  around a mean b r i g h t n e s s  tempera ture  of 613 O K  i n d i c a t i n g  

no s i g n i f i c a n t  v a r i a t i o n  w i t h  t h e  phase of s o l a r  i l l u m i n a t i o n :  

16 



ROCKET SPECTROSCOPY BRANCH 

Skylab 

During t h e  pe r iod  s i n c e  t h e  1st NRL Observatory Report  t he  

Apollo Telescope Mount (ATM) p r o j e c t  of t h e  NASA has  moved forward 

and has  been combined w i t h  t h e  Orb i t a l  Workshop (OWS) t o  form 

what is expected t o  be t h e  f i r s t  manned space  s t a t i o n ,  now 

called Skylab I .  A l a r g e  p a r t  of t h e  e f f o r t  of t h e  Rocket 

Spectroscopy Branch c o n t i n u e s  t o  be  devoted t o  t h e  p r e p a r a t i o n  

of i n s t r u m e n t a t i o n  f o r  Skylab, now planned for launch i n  l a t e  

1972. The major exper iments  are s o l a r ,  and form a p a r t  of ATM. 

I n  b r i e f ,  t h e  f i r s t  is S082A, an  XUV photographic  spec t rohe l iog raph  

producing a spectrum of monochromatic, over lapping  s o l a r  images, 

cove r ing  t h e  range  150 t o  650 A. The s o l a r  image diameter  is 

18 .5  mm, or 26 A measured i n  terms of d i s p e r s i o n .  The s p a t i a l  

r e s o l u t i o n  is expected t o  l i e  i n ’ t h e  range l ’ t o  5 arc see, depending 

on exposure t i m e ,  wavelength, and o t h e r  parameters .  The second 

ins t rument ,  S082B, is an X W  spec t rograph  t h a t  w i l l  produce photo- 

g raph ic  s p e c t r a  w i t h  h igh  s p e c t r a l  and s p a t i a l  r e s o l u t i o n  over  

t he  range 970 t o  3940 A.  The slit can  be pos i t i oned  by t h e  

a s t r o n a u t  on any s o l a r  f e a t u r e ,  as  viewed by a closed-loop H - a ,  

whi te  l i g h t ,  or X W  TV system. The s p a t i a l  r e s o l u t i o n  provided by 

the slit is 2 x 60 arc sec; t h e  s p e c t r a l  r e s o l u t i o n  is s l i t - w i d t h  

l i m i t e d  t o  0.08 A i n  t h e  s h o r t  wavelength range,  970 - 1970 A, 

and t w i c e  t h i s  i n  the  first o rde r  image t h a t  cove r s  1940 - 3940 A. 

A s  p a r t  of t h i s  experiment a second instrument  is being provided 

t h a t  w i l l  produce i n  r ea l - t ime  a s o l a r  image i n  t h e  band 170 -500 A 
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. 
having  about 20 arc see s p a t i a l  r e s o l u t i o n ,  f o r  t h e  a s t r o n a u t ' s  

u se  i n  s e l e c t i n g  r e g i o n s  f o r  observ ing  wi th  t h e  spec t rog raph .  

Scaled-down v e r s i o n s  of t h i s  instrument; , of approximately h a l f  

size have been c o n s t r u c t e d  and flown i n  r o c k e t s ;  t he  r e s u l t s .  

w i l l  be d e s c r i b e a  i n  a l a t e r  s e c t i o n .  

The S082A and B experiments  are p a r t  of ATM, and a r e  

a u t o m a t i c a l l y  kept  p o i n t e d  t o  2 2 .5  a r c  see i n  yaw and p i t c h ,  

a s  d i r e c t e d  by  t h e  a s t r o n a u t .  A l s o  inc luded  i n  Skylab, bu t  i n  

t h e  workshop a r e a  a r e  many o t h e r  experiments .  Of t h e s e  SO20 and 

SO63 a r e  b e i n g  prepared  by t h e  Rocket Spectroscopy Branch. 

. Experiment SO20 is a sma l l ,  g r a z i n g  inc idence  photographic  

spec t rog raph ,  des igned  t o  r eco rd  t h e  spectrum of t h e  e n t i r e  sun  

i n  t he  r a n g e s  10 A to 100 A and 20 A t o  200 A wi th  0.04 and 

0.8 A r e s o l u t i o n ,  r e s p e c t i v e l y .  O r i g i n a l l y  c o n s t r u c t e d  f o r  f l i g h t  

i n  an e a r l y  Apollo miss ion  and t o  be a t t a c h e d  t o  t h e  S c i e n t i f i c  

Hatch a i r l o c k ,  it was removed from t h e  program when t h e  ha t ch  

a i r l o c k  became u n a v a i l a b l e  a s  a r e s u l t  of t h e  f i r e .  The experiment 

is now approved f o r  f l i g h t  i n  t h e  Skylab workshop, making use  of 

c 

t h e  new s c i e n t i f i c  a i r l o c k  t h a t  is approximately co-al igned w i t h  

ATM. The advantage gained by t h i s  ins t rument  is t h a t  exposures  
L- 

can  be made t h a t  are a s  much a s  20 t i m e s  l onge r  t h a n  is p o s s i b l e  

w i t h  r o c k e t s ;  t h e r e f o r e  an o r d e r  of magnitude more XW and s o l a r  

emiss ion  l i n e s  should be recorded t h a n  have been d iscovered  from 

r o c k e t s ,  or w i t h  lower- reso lv ing  p h o t o e l e c t r i c  scanning  g r a t i n g  

and Bragg c r y s t a l  spec t romete r s .  

Experiment S O 6 3  is a second experiment t h a t  s u f f e r e d  work 

s toppage a s  a r e s u l t  of t h e  f i r e .  I t  is a c o n t i n u a t i o n  and 
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e x t e n s i o n  of  t h e  n i g h t  a i rg low photography c a r r i e d  ou t  by NRL 

on Gemini f l i g h t s  I X ,  X I ,  and X I I .  I t  is c u r r e n t l y  planned f o r  

f l i g h t  i n  Skylab. One p a r t  of t h e  experiment i s - t o  record t h e  

s u n l i t  e a r th ' s  atmosphere above and i n t o  t h e  ozone l a y e r  by 

photography i n  t h e  u l t r a v i o l e t  a t  wavelengths  i n s i d e  and j u s t  

o u t s i d e  t h e  r e g i o n  where ozone absorbs.  A second camera w i l l  

make photographs s imul taneous ly  i n  t h e  v i s i b l e  t o  determine t h e  

r a d i a t i o n  r e f l e c t e d  from c louds  and t e r r a i n  below t h e  ozonosphere. 

The u l t r a v i o l e t  p i c t u r e s  should be of i n t e r e s t  because of t h e  

d i f f e r i n g  d e p t h s  of s u n l i g h t  p e n e t r a t i o n  i n  t h e  s e v e r a l  s p e c t r a l  

bands t o  be used and because ozone c louds  may be r evea led .  The 

second experiment i nvo lves  t h e  u s e  of t h e  same cameras, b u t  w i t h  

d i f f e r e n t  f i l t e r s  and observ ing  c o n d i t i o n s .  They w i l l  be  used 

t o  photograph the  ho r i zon  atmospheric  glow a t  t w i l i g h t .  The 

wavelengths,  as  c u r r e n t l y  plknned, are N i  + 3914 A and t h e  

Herzberg O2 2600 A continuum.. 

O r b i t i n g  S o l a r  Observatory 

The OSO-F experiment w a s  launched s u c c e s s f u l l y  on 22 January  

1969 and became t h e  f i f t h  NASA O r b i t i n g  So la r  Observatory,  OSO-5. 

A s p e c t r o h e l i o g r a p h  i n  t h e  po in ted  s e c t i o n  u t i l i z e s  two concave 

g r a t i n g s  t o  form s o l a r  images t h a t  are scanned by s i x  channel- 

p h o t o m u l t i p l i e r s  when t h e  s p a c e c r a f t  is i n  its r a s t e r - s c a n  mode. 

The d i s k  images observed a r e  a t  A284 A (Fe XV), A304 A (He 111, 

A335 A (Fe XVI) , A465 A (Ne VI I ) ,  A499 A ( S i  XII) and A1216 A 

(HI).  The raster measures 38 by 41 arc minutes,  is made u p  of 

1,920 e lements ,  and y i e l d s  a s p a t i a l  r e s o l u t i o n  of approximately 

1 x 1 arc minute. A l l  s e n s o r s  have g iven  good d a t a  except  t h e  
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one for A284 A, where s c a t t e r e d  l i g h t  overpowered t h e  ve ry  weak 

d i s k  s i g n a l .  Af te r  t h r e e  months of o p e r a t i o n ,  s e n s i t i v i t y  of 

t h e  d e t e c t o r s  was still  high,  a l though decreased  by n e a r l y  an 

o r d e r  of magnitude, presumably because of l o s s  of e f f i c i e n c y  

of the  g r a t i n g .  Af t e r  18 months of o p e r a t i o n  t h e  o u t p u t s  of 

a l l  d e t e c t o r s  except  f o r  H e  I1 A304 A degraded t o  low l e v e l s  

because of p h o t o m u l t i p l i e r  f a t i g u e .  The q u a l i t y  oaf spec t ro -  

hel iograms reproduced from t h e  A304 A d a t a ,  however is still 

h igh .  The experimeiit is expected t o  o p e r a t e  u n t i l  September 30, 

1970 complet ing its 9,288th o r b i t ,  and t h e n  may be s h u t  down f o r  

economy r e a s o n s ,  

A s y s t e m  h a s  been developed t o  produce spec t rohe l iogram 

p i c t u r e s  from t h e  s a t e l l i t e  d a t a .  The t e l e m e t r y  d a t a  is processed 

by computer, fo rma t t ed ,  and s t o r e d  on magnetic t a p e .  The t a p e  is 

t h e n  r ead ,  i n t o  a b u f f e r e d  l o g i c  system which c o n t r o l s  an 

o s c i l l o s c o p e .  The scope t r a c e s  t h e  40 r a s t e r  l i n e s  of 48 words 
. .  

each  p l u s  2 e x t r a  l i n e s  of coded informat ion .  A photograph of t h e  

scope reproduces  t h e  raster s c a n  of t h e  sun. A s p e c i a l  des ign  

technique  w a s  employed i n  producing t h e  p ic ture- forming  e lements  

i n  t h e  proper  a s p e c t  r a t i o  t o  reproduce t h e  s u n ' s  d i s k  from a 

r e c t a n g u l a r  a r r a y  of numbers. 

Most of t h e  d a t a  i n  f i n a l  form have been r ece ived  from NASA 

and w i l l  be usgd t o  r e c o n s t r u c t  t h e  v a r i o u s  spec t rohe l iograms f o r  

i n c l u s i o n  i n  an A t l a s  cove r ing  t h e  l i f e t i m e  of t h e  experiment.  

S p e c i a l  f l a r e  e v e n t s  w i l l  a l s o  be shown i n  d e t a i l  i n  t h e  form of 

movies composed of  t h e  images recorded a t  a r a t e  of approximately 

once eve ry  10 minutes .  

. 
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P r e p a r a t i o n  of t h e  double  experiment f o r  OSO-H is n e a r i n g  

complet ion,  w i t h  f l i g h t  c u r r e n t l y  scheduled f o r  A p r i l  1971. 

The two exper iments  w i l l  r e c o r d  t h e  s u n ' s  corona a l t e r n a t e l y  i n  

w h i t e  l i g h t  and i n  t h e  XUV band 171 - 500 A .  The purpose is t o  

look f o r  changes of a l l  k i n d s  i n  bo th  t h e  wh i t e  l i g h t  e l e c t r o n -  

s c a t t e r e d  corona,  and t h e  X W  corona t h a t  is produced b y  resonance 

l i n e s  e m i t t e d  by h i g h l y  s t r i p p e d  i o n s ,  e s p e c i a l l y  i r o n .  R e l a t i o n s  

between changes i n  t h e  two coronas  w i l l  be searched  f o r .  The 

w h i t e  l i g h t  coronagraph is o p t i c a l l y  s i m i l a r  t o  t h e  ins t rument  flown 

i n  r o c k e t s  ( s e e  below) cove r ing  t h e  range  2.8 - 9 RQ; however, 

t h e  image w i l l  be recorded  wi th  an SEC Vidicon, which w i l l  i n t e g r a t e  

t h e  low i n t e n s i t y  u n t i l  the  t i m e  f o r  readout  i n t o  t h e  t a p e  r e c o r d e r ,  

w i t h  subsequent  t r a n s m i s s i o n  t o  t h e  ground. A s p a t i a l  r e s o l u t i o n  

of 1 .25  a r c  min is expec ted .  The XUV coronagraph w i l l  observe t h e  

corona o v e r l y i n g  t h e  s o l a r  d'isc and out  t o  one s o l a r  r a d i u s  beyond 

t h e  limb, u s i n g  a s i n g l e  channel -photomul t ip l ie r  capable  of 20 a r c  

second r e s o l u t i o n .  

w i l l  be provided by t h r e e  o t h e r  channe l -pho tomul t ip l i e r s .  T h i s  

P a r t i a l  coverage of t h e  corona from 2 R, t o  5 RQ 

ins t rument  u t i l i z e s  t he  r a s t e r  s c a n  mode of t h e  s p a c e c r a f t  i n  

a l t e r n a t i o n  w i t h  t h e  p o i n t  mode r e q u i r e d  by  t h e  w h i t e  l i g h t '  

coronagraph. P lanning  is underway f o r  computer-driven imaging 

systems t o  r e c o n s t r u c t  bo th  w h i t e  l i g h t  and XUV co rona l  images as 

h a s  been done for OSO-5 d a t a .  

The So la r  Corona 

Photography of t he  o u t e r  w h i t e  l i g h t  corona (3 t o  9 s o l a r  

r a d i i )  w i t h  e x t e r n a l l y  o c c u l t e d  r o c k e t  coronagraphs has  cont inued .  
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Photographs have been made a t  i n t e r v a l s  of approximately s i x  months 

s i n c e  1965 under a NASA-funded program. The la tes t  o b s e r v a t i o n s  

not  p r e v i o u s l y  r e p o r t e d  here ,  occur red  on A p r i l  16 and 17,  1969. 

An i n t e r v a l  of one day w a s  chosen t o  r eco rd  s h o r t  t e r m  changes 

i n  t h e  corona.  

t o  make corona photographs which could  be compared w i t h  o t h e r  

A s imi l a r  coronagraph w a s  f lown on 7 March 1970 

o b s e r v a t i o n s  of t h e  t o t a l  s o l a r  e c l i p s e  which occurred t h a t  day. 

Streamers  t o  approximately 9 s o l a r  r a d i i  were recorded i n  a l l  

f l i g h t s .  The one-day i n t e r v a l  produced s u r p r i s i n g l y  l a r g e  changes 

i n  t h e  streamer p a t t e r n .  These changes, a l though p a r t l y  a s c r i b a b l e  

t o  r i g i d  r o t a t i o n  of s t r e a m e r s  w i t h  t h e  sun, showed g r e a t  changes 

of an i n t r i n s i c  n a t u r e ,  i nc lud ing  d isappearance  of some streamers 

and t h e  b i r t h  of o t h e r s .  Many streamers e v i d e n t l y  arose from 

f e a t u r e s  on t h e  f r o n t  or rear of t h e  s o l a r  d i s k ,  r a t h e r  t han  

from limb' f e a t u r e s  a lone ,  and were a c t u a l l y  fo re shor t ened  beams 

p r o j e c t e d  toward or away from t h e  obse rve r .  The s t r eamers  were 

always s t r a i g h t ,  and i n  f a c t  no curved s t r e a m e r s  between 3 and 9 

s o l a r  r a d i i  have been recorded  du r ing  t h e  program r e g a r d l e s s  of 

t h e  degree  of f o r e s h o r t e n i n g .  Thus, there h a s  been no ev idence  

of "garden hose" s p i r a l  produced by so la r  r o t a t i o n ,  nor of 

i n f l u e n c e  on t h e  streamers by t h e  s o l a r  magnetic f i e l d  p a t t e r n  

observed i n  t h e  photosphere.  

A l l  r ocke t  coronagraph ins t rument  packages conta ined  an 

XUV he l iog raph  t o  photograph t h e  s o l a r  d i s k  and corona i n  t h e  band 

110 - 550 A. Reso lu t ion  of 10 t o  1 5  a r c  sec w a s  ob ta ined  for 

dhor t  exposures .  I n  1onge.r exposures ,  c o r o n a l  emiss ion  was 

recorded  t o  approximately one s o l a r  r a d i u s  beyond t h e  l imb bu t  

w i t h  less r e s o l u t i o n .  N o  s t r u c t u r e  cor responding  t o  w h i t e - l i g h t  
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s t r e a m e r s  was found. The. XW corona, a s  recorded above t h e  

limb on 7 May 1970, matched q u a l i t a t i v e l y  t h e  Fe.XlV 5303 A corona 

photographed by the  U n i v e r s i t y  of Hawaii, a s  would be expected.  

The complete e x p l a n a t i o n  of t h e  XUV corona is u n c e r t a i n ,  

Thomson s c a t t e r i n g  of t h e  s o l a r  d i s k  r a d i a t i o n  cannot be an 

impor tan t  mechanism because t h e  co rona l  emiss ion  is f a r  t o o  

i n t e n s e  r e l a t ive  t o  emiss ion  from t h e  d i s k .  C o l l i s i o n a l  e x c i t a t i o n  

of i o n s  ( p a r t i c u l a r l y  Fe) by t h e  co rona l  f r e e  e l e c t r o n s  may be 

important  b u t  t h e  observed l a c k  of s t r e a m e r s  p rov ides  no 

conf i rma t ion .  I t  is l i k e l y  t h a t  t h e  XUV corona is caused b y  

resonance as w e l l  a s  c o l l i s i o n a l  e x c i t a t i o n  and t h a t  i ts unexpectedly 

high i n t e n s i t y  is a s s o c i a t e d  w i t h  t h e ' h i g h  abundance of Fe i o n s  

i n  t h e  corona. 

An XUV Spectrum of a F l a r e  

A s  s u p p o r t i n g  r e s e a r c h  f o r  t h e  ATM experiments ,  a l a r g e  XUV 

s p e c t r o h e l i o g r a p h  was c o n s t r u c t e d  for f l i g h t  i n  a SPARCS-Stabilized 

Aerobee-150 r o c k e t .  One o b j e c t i v e  was t o  launch du r ing  a f l a r e ,  

i n  o r d e r  t o  o b t a i n  d a t a  concerning t h e  morphology and spectrum of 

a f l a r e  i n  t h e  s p e c t r a l  range 171 - 650 A. Afte r  much wa i t lng ,  

t h e  r o c k e t  was launched a t  2029 UT, November 4, 1969, du r ing  an  

importance 2 N f l a r e ,  l o c a t e d  13" from t h e  l i m b .  The f l a r e  image 

was recorded  i n  about 300 emiss ion  l i n e s .  I n  excited l i n e s  between 

Mg 368 A and Fe XVI 335-361 A t h e  f l a r e  showed only  as a sma l l  

i n t e n s e  f e a t u r e l e s s  nuc leus  6 a r c  sec i n  diameter  w i t h  enhanced 

d i f f u s e  emiss ion  i n  t h e  nearby corona.  For t h e  lower chromospheric 

l i n e s ,  N e  V I 1  465 A - H e  I 584 A, f i n e  b r i g h t  s t r u c t u r e s  w i t h i n  

t h e  p lage  accompanied t h e  f l a r e  nucleus,  a s  was t h e  case  i n  H-a, 
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and there w a s  l i t t l e  or no emiss ion  i n  t he  corona.  Associated 

w i t h  t h e  l i n e  spectrum of t h e  f l a r e  were many r e g i o n s  of 

continuum emiss ion .  Because of the i r  h igh  r e s o l u t i o n ,  3 - 5 

. 

arc sec, t h e  spec t rohe l iog rams  show g r e a t  d e t a i l  of many k i n d s ;  

e . g . ,  t h e  chromospheric network, prominences, p l ages ,  s p i c u l e s ,  

and t h e  limb. Conspicuous is t h e  g radua l  d i sappearance  of t h e  

chromospheric network and of most of t h e  f i n e  s t r u c t u r e  w i t h i n  

p l a g e s  as recorded  i n  l i n e s  t h a t  o r i g i n a t e  a t  h ighe r  and h ighe r  

a l t i t u d e s  above t h e  photosphere.  

The Sun's  XUV F l a s h  Spectrum 

An Aerobee-170 r o c k e t  was flown from Wallops I s l a n d  i n t o  

t h e  t o t a l  s o l a r  e c l i p s e  on 7 March 1970 i n  o r d e r  t o  r e c o r d  t h e  

s u n ' s  XUV f l a s h  and co rona l  s p e c t r a .  The r o c k e t  c a r r i e d  f o u r  

Wadsworth mounting s p e c t r o h e l i o g r a p h s  t o  photograph t h e  u l t r a v i o l e t  

spectrum of t h e  sun  d u r i n g  e n t r a n c e  i n t o  t h e  umbra of t h e  e c l i p s e  

a t  an a l t i t u d e  of 162 km. The wavelength r anges  covered were 

150 - 440 A (8.3 A/mm); 725 - 1060 A (8.3 A/mm); 1216 A (1 .2  A/mm); 
\ 

1400 - 1965 A (9 .4  A/mm). 
4 

A newly developed guidance s y s t e m  provided an a b s o l u t e  

p o i n t i n g  accuracy of k1 a r c  minute i n  p i t c h  and yaw and k0 .5  

deg rees  i n  roll angle .  The s t a b i l i t y  of t h e  s y s t e m  was b e t t e r  

t h a n  1-2.5 a r c  seconds.  The guidance s y s t e m  a l s o  s t a r t e d  t h e  camera 

sequence a t  t h e  moment when t h e  r o c k e t  saw a 5 a r c s e c o n d  wide  

pho tosphe r i c  c r e s c e n t  e The p o i n t i n g  s y s t e m  worked a s  a n t i c i p a t e d ;  

a l l  f o u r  cameras began sequencing a t  5 a r c  seconds from t o t a l i t y .  

However, because of a mal func t ion  of t h e  parachute  recovery  sys t em,  

t h e  payload sank 115 km o f f  t h e  V i r g i n i a  c o a s t  i n  1,900 meters of 

wa te r .  I t  was recovered  on 22 March 1970 by t h e  U . S .  Navy 

Superv isor  of Salvage. The s p e c t r a  of t h e  middle-UV camera 
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* (1400 - 1965 A) were developed s u c c e s s f u l l y ,  bu t  e v e r y t h i n g  

else w a s  des t royed  by s t r o n g  e l e c t r o l y s i s .  

A p r e l i m i n a r y  a n a l y s i s  shows t h a t  t h e  s t r o n g  l i n e s  of S i  11, 

A h  11, Fe I1 can  be s e e n  up t o  500 km above t h e  photosphere;  

A 4  111, S i  111, approximately 7,000 km; H e  11, 0 111, approxi- 

mate ly  9,500 km; and C I V  13,000 km. Many new weak l i n e s  which 

cannot  be  s e e n  i n  t h e  o l d e r  NRL d i s c  chromospheric s p e c t r a  w e r e  

p r e s e n t  i n  t h e  f l a s h  spectrum. 

XUV Limb Spec t r a  

A high s p a t i a l  (2  x 60 a r c  s e c )  and s p e c t r a l  (0.05A) 

r e s o l u t i o n  XUV spec t rog raph  cove r ing  t h e  range  1170 - 1800 A 

was flown s u c c e s s f u l l y  i n  an Aerobee-150 r o c k e t  on 1 3  August 1970. 

The ins t rument  was a h a l f - s i z e  p ro to type  f o r  ATM experiment S082B. 

Spec t r a  were photographed a t  f o u r  p o s i t i o n s ;  8'l, 24", 40" and 5'  

i n s i d e  t h e  pho tosphe r i c  limb. The p r o f i l e s  of H I  Ly-a; the  
3 0 I ( P - 3S0), resonance  t r i p l e t  1302, 5, 6; Si 11, C I1 and 

A h  I1 show s o l a r  r e v e r s a l s  of g r e a t e s t  depth  c l o s e  t o  t h e  l i m b .  I 

On f i r s t  i n s p e c t i o n ,  no o t h e r  l i n e s  a r e  s e l f - r e v e r s e d ,  b u t  show 

p r o f i l e s  va ry ing  from t h e  i n s t r u m e n t a l  l i m i t  0 .05  A, t o  s e v e r a l  
e 

t e n t h s  of an Angstrom. From t h e s e  s p e c t r a  it w i l l  be p o s s i b l e  

t o  d e r i v e  c e n t e r  t o  l i m b  d a t a  f o r  a l a r g e  number of l i n e s  and 

a l s o  c o n t i n u a  t h a t  a r i s e  from t h e  r e g i o n  ex tend ing  from t h e  o u t e r  

photosphere,  a c r o s s  t h e  tempera ture  minimum, and w e l l  up i n t o  t h e  

chromosphere. 

Reduct i o n  of So la r  Data 

Wavelength measurement of a l l  r o c k e t  s p e c t r a  p r i o r  t o  1970 

photographed i n  t h e  s p e c t r a l  range 1200 A - 2100 A has  been 
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completed and i d e n t i f i c a t i o n  of l i n e s  is cont inuing .  T h i s  work 

h a s  provided a s t a r t i n g  p o i n t  f o r  t h e  a n a l y s i s  of t h e  March 1970 

eclipse s p e c t r a  photographed i n  t h e  same s p e c t r a l  range,  and f o r  

t h e  much h i g h e r  r e s o l u t i o n  l i m b  s p e c t r a  photographed on 

13 August 1970. 

Wavelength measurement and i d e n t i f i c a t i o n  of s o l a r  emiss ion  

l i n e s  photographed a t  g raz ing  inc idence  i n  t h e  163 - 425 A r e g i o n  

u s i n g  both  slit and slitless techn iques  has l a r g e l y  been completed, 

and t h e  r e s u l t s  are be ing  prepared  f o r  p u b l i c a t i o n .  Approximately 

400 ernissi0.n l i n e s  were measured i n  t h i s  r eg ion ,  of which 

approximately 50 - 70% could be i d e n t i f i e d .  L ines  from about 50 

i o n s  are i d e n t i f i e d .  

A de te rmina t ion  of t h e  i n t e n s i t y  d i s t r i b u t i o n  i n  t h e  s o l a r  
1 

UV continuum between 1450 and 2100 A has  been publ i shed .  

The tempera ture  near  1650 A, which is c r u c i a l  t o  t h e  s o l a r  

model i n  t h e  r e g i o n  of t h e  tempera ture  minimum, was determined 

t o  be 4670 3- 100 OK, a va lue  cons ide rab ly  h ighe r  t h a n  r e p o r t e d  

by another  experiment a1 group. A r e - i n v e s t  i g a t  i o n  of the  carbon 

arc l i g h t  sou rce  used t o  s t a n d a r d i z e  t h e  NRL s p e c t r a  s u p p o r t s  -. 

the  h igher  va lue  and l e a v e s  t h e  q u e s t i o n  unreso lved .  

Work on t h e  A t l a s  f o r  t h e  range 2100 - 3000 A is con t inu ing ,  

w i t h  d e r i v a t i o n  of t h e  d e t a i l e d  curve  of i n t e n s i t y  d i s t r i b u t i o n  

a t  -0 .03 A r e s o l u t i o n  nea r ing  complet ion.  

Magnetograph 

The Real T i m e  So la r  Vector Magnetograph, be ing  cons t ruc t ed  

i n  a j o i n t  program w i t h  t h e  Marshall Space F l i g h t  Center is nea r ing  

completion. Using Fe I ,  5250 A, a 0 .13 A bandpass b i r e f r i n g e n t  

f i l t e r ,  p o l a r i z a t i o n  o p t i c s ,  an SEC-Vidicon and a Univac 1108 
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computer, t w o  dimensional  images w i l l  be  obta ined  showing a l l  

f o u r  Stokes parameters  w i t h i n  1 minute of real  t i m e ,  and w i t h  

a s p a t i a l  r e s o l u t i o n  of 1 arc sec, i f  a tmospheric  c o n d i t i o n s  

permi t .  P r o g r e s s  has  been made i n  t h e  i n t e r p r e t a t i o n  of t h e  

Zeeman e f f e c t .  f o r  X5250, t a k i n g  i n t o  account a T i 0  molecular 

l i n e  blend,  and t h e  continuum suppres s ion  w i t h i n  sunspot  umbras 

by weak molecular  l i n e s .  

/ 

Laboratorv Work 

The i n v e s t i g a t i o n  of t h e  o p t i c a l  p r o p e r t i e s  of r e f l e c t i n g  

aluminum f i l m s  overcoa ted  w i t h  MgF2 or LiF a t  wavelengths less 

than 1000 A has  been completed. Re f l ec t ance  s p e c t r a  were 

ob ta ined  t o  wavelengths  as  s h o r t  a s  300 A f o r  a number of 

d i e l e c t r i c  t h i c k n e s s e s .  For t h e  most p a r t ,  t h e s e  re f lec tors  

have a lower r e f l e c t a n c e  t h a n  e i t h e r  P t  or Ir below 1000 A .  

However, t h e y  can  be used t o  wavelengths as s h o r t  as 500 A 

i f  a l o s s  of speed by a f a c t o r  of t w o  o r  less can  be t o l e r a t e d .  

S t u d i e s  of contaminat ion  of o p t i c a l  materials and s u r f a c e s  

b y  s imula ted  space environments have been completed. A real-time 

contaminat ion  monitor f o r  use  i n  vacuum chambers h a s  been 

c o n s t r u c t e d  f o r  t h e  ATM p r o j e c t .  T h i s  moni tors  t h e  r e f l e c t a n c e  

r 

of a m i r r o r  f o r  H-Lya, 1216 A .  

Ref lec t ance  s p e c t r a  of evaporated R h  f i l m s ,  depos i t ed  a t  
- 

v a r i o u s  s u b s t r a t e  tempera tures ,  have been measured and t h e  

o p t i c a l  c o n s t a n t s ,  n and k, have been ob ta ined  from these s p e c t r a .  

The l o c a t i o n  of t h e  NII ,  111 s o f t  x-ray edge a t  269 A is apparent  

from t h e  sudden i n c r e a s e  i n  t h e  e x t i n c t i o n  c o e f f i c i e n t  t h a t  occur s  

between 261 A and 270 A .  However, t h e r e  is no evidence of t h e  NI 
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edge a t  156 A even though the  measurements ex tend  t o  150 A. 

The l o s s  f u n c t i o n  has  been computed and shows t w o  d i s t i n c t  

maxima, a t  375 A and 1410 A .  The r e f l e c t a n c e  of Rh d i f f e r s  

from t h a t  of P t  and Ir i n  t h a t  t h e r e  is a broad minimum a t  

1300 A.  C a l c u l a t i o n s  i n d i c a t e  t h a t  t h i n  Rh f i l m s  depos i t ed  

on MgF2 or LiF s u b s t r a t e s  w i l l  be u s e f u l  as broadband t r a n s -  

m i t t i n g  f i l t e r s  over  t h e  wavelength range  from t h e  s u b s t r a t e  

cu t -o f f  t o  wavelengths  of about 1600 - 1800 A, depending on  

t h e  t h i c k n e s s  of t h e  R h  fi1.m. 

A s t u d y  of t h e  o p t i c a l  p r o p e r t i e s  of g l a s s  and fused  

q u a r t z  has  been s t a r t ed  and measurements completed from 150 A 

t o  584 A .  

I n v e s t i g a t i o n s  of  methods of p reven t ing  or r e t a r d i n g  t h e  

format ion  of p i n h o l e s  i n  t h i n ,  unbacked aluminum f i l m s  is be ing  

done by Sigmatron, Inco rpora t ed ,  under  c o n t r a c t  t o  NlEL, because 

of t h e  u s e  of such f i l m s  i n  XUV i n s t r u m e n t a t i o n  f o r  long-time 

space  miss ions .  Two approaches a r e  be ing  used:  (1) d e l i b e r a t e  

a d u l t e r a t i o n  of t h e  aluminum w i t h  S i  du r ing  evapora t ion ;  and 

(2)  e n c a p s u l a t i o n  of t h e  pure  A 1  f i l m s  w i t h  evapora ted  SiO, t h u s -  

forming an Si0-A1-Si0 sandwich. Measurements show t h a t  t h e s e  

t w o  p r o c e s s e s  cause  no degrada t ion  i n  t h e  t r a n s m i t t a n c e  of t h e  

f i l t e r ,  and do appear  t o  h e l p  prevent  p i n h o l e s  when t h e  f i l t e r  

is s u b j e c t e d  t o  a r a p i d  ag ing  p rocess .  

Development is  underway t o  e s t a b l i s h  a method of monitor ing,  

a t  1216 A, t h e  t h i c k n e s s  of 

over-coat i n g  f r e s h  aluminum 

A1 - MgF2 m i r r o r s  t h a t  show 

t h e  MgF2 l a y e r  t h a t  is used f o r  

f i l m s  t o  produce' the  h i g h l y  r e f l e c t i n g  

SO-S5% r e f l e c t a n c e  at  1216 A. 
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The i n v e s t i g a t i o n  of t h e  high r e s o l u t i o n  spectrum of doubly and 

t r i p l y  ion ized  n i t r o g e n  below 500 A has  been completed. One 

hundred-eight-nine new t e r m s  have been c l a s s i f i e d  and f o u r  hundred 

seven  p r e v i o u s l y  unrepor ted  s p e c t r a l  l i n e s  i n  these s p e c t r a  have 

been ass igned .  P re l imina ry  a n a l y s e s  of "Fano-type" resonances  

have been completed f o r  s e v e r a l  auto- ionized l e v e l s  i n  t h e  spectrum 

of each s p e c i e s .  Examples of two t r a n s i t i o n s  from t h e  same 

auto- ionized  l e v e l  t o  d i f f e r e n t  lower s ta tes  have been observed 

t o  e x h i b i t  u n l i k e  resonance p r o f i l e s .  T h i s  is t h e  f i r s t  d e t a i l e d  

examinat ion of asymmetrical  t y p e  p r o f i l e s  i n  an  emission spectrum 

produced i n  t h e  l a b o r a t o r y .  

I s o t o p e  s t u d i e s  of t h e  h igh  r e s o l u t i o n  vacuum u l t r a v i o l e t  

a b s o r p r t i o n  spectrum of t h e  carbon monoxide molecule have l e d  t o  t h e  

c o r r e c t i o n  or conf i rma t ion  of t h e  v i b r a t i o n a l  numberings f o r  t h e  

va lence  s ta tes  of t h i s  molecule. . A complete summary of t h e  CO 

a b s o r p t i o n  spectrum from 1800 t o  1070 A h a s  been completed and 

complete R-K-R p o t e n t i a l  cu rves  have been c a l c u l a t e d  f o r  each 

of t h e  s ta tes  X IC4-, A n, a I7, a '  'E', e 3C-, I: X-, d Ai, 1 3 1 3 

D 1 A , b  3 +  C , B  14- C ,  j 3 f , C  14- C , c 3 1 7 , a n d E  1 17. 4 

High r e s o l u t i o n  a b s o r p t i o n  s p e c t r a  have been observed and 
3 c h a r a c t e r i z e d  from t h e  two lowest  7~ cr e l e c t r o n i c  c o n f i g u r a t i o n s  

i n  t h e  hydrogen h a l i d e s .  I n  a d d i t i o n ,  s t a t e s  from t h e  lowest 

a 7~ c o n f i g u r a t i o n  of hydrogen and deuter ium bromide have been 

c h a r a c t e r i z e d  and work is con t inu ing  on t h e  a n a l y s i s  of t h e  s i m i l a r  

and h igher  c o n f i g u r a t i o n s  i n  t h e  o t h e r  hydr ides .  

3 
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The Oi6 system has  a l s o  been 

The a n a l y s i s  of t h e  s p e c t r a  of t h e  O2 Schumann-Runge band 

system is almost complete.  

r e - i n v e s t i g a t e d  above v '  = 6. From these new ana lyses ,  improved 

R-K-R p o t e n t i a l  cu rves  have been c a l c u l a t e d ,  

Observed a u r o r a l  measurements have been r e p o r t e d  which 

i n d i c a t e  an i n c r e a s e  i n  t h e  apparent  v i b r a t i o n a l  tempera ture  

of molecular  n i t r o g e n  p r o p o r t i o n a l  t o  t h e  i n t e n s i t y  i n c r e a s e  

of t h e  6300 A oxygen r e d  l i n e .  A new long-path- length h igh  

tempera ture  vacuum f u r n a c e  has been obta ined  and experiments  

have been i n i t i a t e d  on s p e c i e s  c o n t a i n i n g  hydrogen, carbon,  and 

oxygen which are expec ted  t o  be p r e s e n t  i n  t h e  so la r  and s t e l l a r  

atmosphere. 
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Kaufniann, P . ,  J.  A .  de F r e i t a s  Pacheco, and 
J. P .  Sudana, MacKenzie U n i v e r s i t y  and  
R. W. Krep l in , '  NRL 

" D i s t r i b u t i o n  of Trapped P a r t i c l e s  a t  an 
A l t i t u d e  of 900- l rm nea r  t h e  South A t l a n t i c  
Geomagnetic Anomaly , I '  NRL Report No. 6995, 
January G, 1970. 

K r e p l i n ,  R .  W .  
_- I "Solar  C y c l e  ; V a r i a t i o n  of S o f t  X-Ray 

Emission," Report of N R L  Progress. ,  pP. 8-17, 
February 1970. 

- 

L 
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Code 7120 

T a l k s  1969 ( n o t  inc luded  i n  1969 Annual Report)  

C a r r u t h e r s ,  G.. 
"Far U l t r a v i o l e t  I n t e n s i t i e s  of Orion S t a r s , "  
p r e s e n t e d  a t  I A U  Symp. $36, " U l t r a v i o l e t  S t e l l a r  
S p e c t r a  and Rela ted  Ground-Based Observa t ions ,"  
L u n t e r e n ,  The Nether lands ,  June 26, 1969, 
(Proceedings t o  be Pub l i shed) .  

Chubb, T. A.  
" E q u a t o r i a l  Emissions i n  the Far U l t r a v i o l e t ,  _ .  

p r e s e n t e d  as p a r t  of p a n e l  d i s c u s s i o n  a t  AGU 
meet ing,  San F ranc i sco ,  Dec. 1969. 

Doschek, G. A .  
"Sof t  X-Ray S p e c t r a l  S t u d i e s  of F l a r e  Plasmas," 
G. A .  Doschek, J .  F. Meekins, and H.  Friedman, 
O r b i t i n g  S o l a r  O b s e r v a t o r i e s  Worlcsliop, J I L R ,  
4-15 August, 1969, Boulder ,  Colorado, (Univ. of 
Colorado) .  

Doschek, G. A., J. F. Meekins, and €1. Friedman 
"So la r  X-Ray S p e c t r a l  S t u d i e s  of. F l a r e  Plasmas. '' 
O r b i t i n g  S o l a r  O b s e r v a t o r i e s  Workshop, Boulder ,  
Colorado, August, 1969. 

Henry ,  R .  C. L 

"Far U l t r a v i o l e t  Wide Angle E lec t ronograph ic  

a n d  G.  R.  C a r r u t h e r s ,  Amekican Xs-tronomical Soc ie ty ,  
New2Yoi-k 1 December 1969. 

- -  Photography of t h e  O r i o n  Region," by R.  C. Henry  - 

Horan, D. M. and R.  W. Krep l in  
" P r e d i c t i o n s  of S o l a r  F l a r e  A c t i v i t y  Based  on 
S o l a r  X-Ray Energy Flux Measurements, !' Paper 
P resen ted  a t  XV Elec t romagnet ic  Nave Propogat ion 
C o m m i t t e e  Tech .  Symp. on Ionosphe r i c  F o r e c a s t i n g ,  
(AGARD) (NATO) September, 1969. - 

a 
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T a l k s  1969 (Continued) 

Johnson, C. Y .  
"Recent hleasurements of Ionospher ic  I n t e r e s t ,  It 
DASA Symposium on Phys ics  and Chemistry of t h e  
Upper Atmosphere, S tanford  Research I n s t i t u t e ,  
P a l o  A l t o ,  C a l i f o r n i a ,  24-25 June 1969. 

Johnson, C .  Y .  
l l Ionospher ic  Hodgepodge Unraveled, r t  NRL-RESA 
Lecture ,  Washington, D.  C . ,  4 Noveiiiber 1969. 

Kahler ,  Stephen and Robert  W. Krep l in  
"The X-ray Event of June 9,. 1968, Na t iona l  F a l l  
Meeting, American Geophysical Union, San Franc isco ,  
15-18 December 1969. 

Kurfess ,  J.  D.  
W a r d  X-ray Sources:  Crab Nebula and M-87, '' 
Cornel1  Un ive r s i ty ,  I thaca ,  N e w  York, . 
13 March 1969. 

hleicr, R .  R. and P. Mange 
l f I n t e r p r e t a t i o n  of S a t e l l i t e  Lyman-Alpha Airglow 
Measurements, 50 t h  Annual Meeting, American Geo- 
p h y s i c a l  Union, Washington, D.  C., 21-25 A p r i l  
1969; abs. Trans.  Am. Gcophys. Union -' 50 268 (1969). 

i 
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Code 7120 
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T a l k s  1970 to d a t e  

C a r r u t h e r s ,  G. R. 
"Microchannel I n t e n s i f  i e r  Vidicon f o r  Fa r  UV 
Imaging; I' Symposium on 'As%rofioiiical. U s e  of 

Universi ty; . -May, :  1970;. '. ..< . .  
(Proceedings t o  be p u b l i s h e d j .  

: .Television-Type'  'Image Sensofs.;.' Princeto'ri 
. .  

j . .  _ .  , . . .  . .  . .  

Chubb, T. A .  
"Evidence T h a t  S o l a r  X-Ray Emission is of. Purely 
Thermal O r i g i n  (Also Observa t ion  of Fa r  U . V .  
F l a s h  du r ing  28 A u g u s t  1966 Proton F l a r e )  , ' I  

Sola r -Te r re s  t r i a l  Phys ic s  Sympos iurn , Leningrad , 
May, 1970. 

'' Coo r d i na t e cl Rle asu rente n t s b e tw e en OGO- I V and 
t h e  1968 NASA Airborne Aurora l  Expedi t ion ,"  
AGU meet ing,  Washi.ngton, A p r i l ,  1970. 

Chubb, T. A .  

Doschelr, G. A .  and J. F. Meekins, 
"Low I n t e n s i t y  S o l a r  X-Ray F l a r e  S p e c t r a  From 
OSO-4," AGU Mtg. Washington, D. C. , A p r i l ,  1970. 

. Grebenkeinper, C. J. and R.  W. Krep l in  
" S p a t i a l  a n d  Temporal V a r i a t i o n s  of t h e  S o f t  
X-Ray Emission froin a F l a r e  on the I n v i s i b l e  
S o l a r  D i s k , "  AGU Washington, D. C. A p r i l ,  1970. 

I 

Horan ,  D. and R.  W .  Krepl in  
" P r e d i c t i o n s  of So la r  F l a r e  A c t i v i t y  Based on 
S o l a r  X-Ray Energy Flux Measurements , 'I Syinposium 
on Ionosphe r i c  Forecas t ing ,  September, 1969, 

. -  Ste. J o v i t e ,  Quebec, Canada. 

Johnson,  C, Y. J. M.  Young, C. S .  Weller and 
J. C.. H o l m e s  

" I o n i z i n g  Resonant Radia t ion  i n  t h e  Nightsky," 
DASA Symposium on Phys ic s  and C h e m i s t r y  of t h e  
Upper Atmosphere, P h i l a d e l p h i a ,  Pa. June,  1970. 

I 
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Code 7220 

T a l k s  1970 (Continued) 

Mange, P. . 
"The Exosphere and Geocorona ( Inc lud ing  t h e  

Colloquium, A p r i l ,  1970. 
0 .  Polar Wind), ' I  Unive r s i ty  of Michigan S c i e n t i f i c  

Mange, P. 
"The Exosphere and Geocorona ( Inc lud ing  t h e  
Polar Wind) , IUCSTP Syniposium, Leningrad, 
U . S . S . R .  , May, 1970. 

Meelrins, J. and G. A .  Doschek 
"Solar F l a r e  X-Ray S p e c t r a  Frorn OSO-6," AGU 
Mtg. Washington, D. C . ,  A p r i l ,  1970. .. 

Meier, R. R .  
"The Geocoronal Lyman-alpha Airglow , " 
NASA, Goddard Space F l i g h t  Center  S c i e n t i f i c  
Colloquium, March '20,  1970. 

hleicr,  R. R .  I 

l 'Ano~nalous Depressions i n  t h e  P o l a r  Lyman 
Alpha Airglow ,(' AGU Spr ing  Mtg. , Washington, 
D. C . ,  1970. 

Shivanandan, K .  . 
+ !'Far I n f r a r e d  Cosmic Background, l 1  Syinposiuin 

on Submil l imeter  Waves, New York, A p r i l ,  1970. 

"The E l u s i v e  So K Background, '' Symposium on 
R e l a t i v i s t i c  Cosinology , European Space Research 
I n s t i t u t e ,  F r a s c a t t i  R o m e ,  I t a l y ,  J u n e ,  1970-. 

Shivanandan, K .  
= 

Shivanandan , K.  
4 

"Prospec t s  of S a t e l l i t e  I n f r a r e d  Astronomy ," 
NATO Sc ience  and Technology Group, B r u s s e l l s ,  
June ,  1970. 

- 

Shivanandan, K .  
"Recent Developments i n  F a r  I n f r a r e d  Astronomy, 
I n t e r n a t i o n a l  Symposium on Submil l imeter  Naves, 
New York, A p r i l ,  1970 

I 
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T a l k s  1970 (Continued) 

T i n s l e y ,  B. A.  and R.  R. Meier 
"Balmer-alpha D i s t r i b u t i o n  over  a S o l a r  C y c l e ;  
Comparison of Observa t ions  w i t h  Theory, 'I 

COSPAR Mtg., Leningrad, U.S.S. R. , May, 1970. 

Weller, C. S . ,  J. M.  Young, C. Y .  Johnson, and 
J .  C. Holmes 

"Extreme U l t r a v i o l e t  Radia t ion  i n  the Night 
Sky," AGU, Washington, D. C. A p r i l ,  1970. 

Meier, R .  R .  
"The F a r  U l t r a v i o l e t  Airglow, " Washington-Balt imore 
Colloquiuiii on Atomic and Molecular C o l l i s i o n  
Washington, D . C .  , February,  1970. 

McNutt D .  P. 
"Roc Ire t I n f r a r e d .4s t 1' on om y , C o 1-n e 1 1 Un i v e r s i t y , 
I t h a c a ,  N e w  York, A p r i l ,  1970 

Krepl in ,  R .  W .  
l lThe Proton  F l a r e  of November 2, 1969 Observed 
f r o m  t h e  OSO-VI S a t e l l i t e ,  p r e s e n t e d  at the 
. I n t e r n a t  ioi ia l  Symposium on S o l a r - T e r r e s t r i a l  
Phys ics ,  Leningrad, USSR, 12-20 May 1970. 

= 

16 



- SPACE SCIENCE DIVISION 
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-Radio Astronomy Branch (Code 7130) 

P u b l i c a t i o n s  from Las t  Report  t h r u  September 1970 

Bologna, J.  Me, McClain, E. F., and Sloanaker ,  R .  M .  
" P o l a r i z a t i o n  of Discrete Sources  a t  21-Centimeters 
Wavelength, and G a l a c t i c  Depo la r i za t ion , "  Astrophys.  
J 156, 815, J u n e  1969. 2, cM?y 

Cheung, A .  C. ,  Rank, D.  hl . ,  and Townes, C .  H . ,  Unive r s i ty  
of C a l i f o r n i a ,  Be rke ley ; .  Knorvles, S .  H .  and S u l l i v a n ,  
W. T. 111, NRL 

D i s t r i b u t i o n  of  Ammonia Dens i ty ,  Ve loc i ty ,  and 
Rotat . iona1 E x c i t a t i o n  i n  t h e  Region of S a g i t t a r i u s  
B2," Astrophys.  J .  ( L e t t e r s ) ,  E, L13, J u l y  1969. 

"Observations of Radio Sources  a t  4.3-mni Wavelength, " 
Astron.  J . ,  74, 824, August 1969. 

Hobbs, R .  W . ,  Co rbe t t ,  H .  H . ,  and S a n t i n i ,  N .  J. 

Johnston,  K .  J. and IIobbs, R .  W. 
" D i s t r i b u t i o n  of Br igh tness  i n  P o l a r i z a t i o n  of 

- T a u r u s  A and Br igh tness  D i s t r i b u t i o n  of NGC 1976 
a t  9.55-MM Wavelength," Astrophys.  J., -r 158, 145, 
October 1969. 

Knowles, S .  H. ,  Mayer, C. €I. ,  and S u l l i v a n ,  W .  T. 111, 
NRL;  and Cheung, A .  C . ,  Un ivc r s i ty  of C a l i f o r n i a ,  
Ber  Ire 1 e y  

"Ga lac t i c  Water Vapor Emission : F u r t h e r  Observat i  ons 
of V a r i a b i l i t y , "  Sc ience ,  166, 221, October 1.969 - 

. McCullough, T. P.  and Waak, J .  A .  
"Measurements of Flux D e n s i t y  and P o l a r i z a t i o n  of 
V a r i a b l e  Sources  a t  a Wavelength of 1.55 C e n t i m e t e r s , "  
Astrophys.  J . ,  E, 849, December 1969. 

"Daily V a r i a t i o n s  of t h e  Frequency of a Very Accurate  - 
Radio Frequency , Nature,  '-TvI1 224, 1291, December 1969. 

s 

Sadeh, Dror S .  and A u ,  Benjamin D.  
x 

Evans, N .  J.  11, Cheung, A .  C.,  U n i v e r s i t y  of C a l i f o r n i a ,  
Berke ley ;  and Sloanaker ,  R .  h l e  , NRL 

"Microwave Absorption of t h e  Z, ,  -, 2,, R o t a t i o n a l  
T r a n s i t i o n  i n  I n t e r s t e l l a r  Formaldehyde," Astrophys.  
J. ( L e t t e r s ) ,  z, L9, January 1970. - 
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- P u b l i c a t i o n s  from L a s t  Report  t h r u  September 1970 ( c o n t ' d . )  

Shapi ro ,  A.  and Yaplee, B.  S. 
" S a t e l l i t e  A l t i m e t r y ,  '' hXL Report  7018, February 
1970. 

IIammond, D. L .  
"The E f f e c t  of Sea Roughness on  t h e  Bandwidth of 
Radar Backsca t t e r ,  '' NRL Report  6996, February 
1970. 

Shapi ro ,  A.  and Yaplee, B. S .  
"SPOTR" ( U n c l a s s i f i e d  T i t l e )  S e c r e t  NRL Report  
6956, March 1970. 

Burke, B. F., Papa, D. C., Papadopoulos, G. D . ,  Schwartz, 
P. R . ,  RLE-MIT; Kiiowles, S .  H.  , S u l l i v a n ,  W. T .  , NRL;  
Meeks, M .  L . ,  and Moran, J .  M . ,  MIT-Lincoln Lab. 

"Studies  of H,O Sources  by Means of a Very-Long- 
B a s e l i n e  I n t e r f e r o m e t e r , "  Astrophys. J .  ( L e t t e r s ) ,  
160, LG3, hlay 1970. 
czrm 

Shapi ro ,  A . ,  Yaplee, B. S . ,  and Uliana,  E .  A .  
"Simulated Ocean Radar Impulse Responses From 
Lunar Radar Measurements, " NRL Report  7050, h'lay 
1970. 

Knowles, S.  H.  and S u l l i v a n ,  W .  T.  I11 
"Lunar O c c u l t a t i o n s  of t h e  G a l a c t i c  Center  Region 
i n  the  21-cm Line  of Neutral. Hydrogen, " - Astrophys.  
L e t t e r s ,  5,  21, J u l y  1970. 

Shap i ro  A . ,  Ul iana,  E .  A . ,  and Yaplee, B.  S .  
"Radar hleasurements of Lunar Sur f a c e  Roughness, " 
JPL Techn ica l  Report  32-1475, p. 145, J u l y  1970. 

c 

Hol l inge r ,  James P.  L 

"Passive hlicrowave S t u d i e s , "  Second Annual Ea r th  
Resources A i r c r a f t  Program S t a t u s  Review, Vol. 111, 
sec t ion  47, NASA hlanned Spacec ra f t  C e n t e r ,  Houston, 
Texas, 1970. 

Hobbs, Robert  W .  and Waak, John A .  
"Flux D e n s i t i e s  and V a r i a b i l i t y  o f  Radio Sources  
a t  Wavelengths of 0.95 and 1.65 Cent imeters ,"  
Astrophys.  J,, __ 161, 793, August 1970. 

..-. 
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P u b l i c a t i o n s  from L a s t  Report  thru September 1970 (cont  I d . )  

Hol l inger ;  James P. 
"Pass ive  hlicrowave Measurements of t h e  Sea Surface ,"  
J. Geophys. R e s . ,  C-CI 75, 5209, September 1970. 

Mayer, Corne l1  H. 
"Thermal Radio Emission of P l a n e t s  and Moon," 
Chapter 4, pp. 169-224, Su r faces  and I n t e r i o r s  
of P l a n e t s  and S a t e l l i t e s ,  ed.  A .  D o l l f u s  
-(Academic P r e s s  , London) , 1970. 

1 , 

Hammond, Donald  L .  
"The E f f e c t  of Sea Roughness o n  t h e  Bandwidth of 
Radar B a c k s c a t t e r , "  Proc.  of the S i x t h  I n t e r n a t i o n a l  
Symposium on Remote Scnsing of Environment, V o l .  XI, 
W i l l o w  R u n  L a b o r a t o r i e s  , U n i v .  of Michigan, Ann 
Arbor, Michigan , October 13-16, 1969, pp.797-806, 
1970. 
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. T a l k s  from L a s t  Report  t h r u  September 1970 

H o b b s ,  Robert  W .  
"Very  Long Base l ine  In t e r f e romet ry  a s  a Means of 
Determining Dis tance ,  DoD Geodet ic/Geometric 
T r i -Se rv ice  Quar t e r ly  Meeting, NRL, 22 May 1969. 

Ho l l inge r ,  James P. 
"A Cons ide ra t ion  of t h e  P o s s i b l e  U . s e s  of Pu l sa r  
Type Radio Sources  t o  Geodesy, DoD Geodet ic / .  
Geometric T r i -Se rv ice  Quar t e r ly  Meeting, NRL, 
22 May 1969. 

Knowl-es, Stephen 11. 
"Microwave L i n e  Emission from Water Molecules i n  
t h e  Galaxy," Naval Research Reserve Seminar, NRL, 
17  J u n e  1969. 

Hammond, D. L . 
"The E f f e c t  of Sea Roughness on t h e  Bandwidth of 
Radar Backsca t t e r ,  NASA-Navy Review of Recent 
Microwave S t u d i e s  of t h e  Ocean Surface ,  NASA, 
Washington, D.  C . ,  12 June 1969. . 

Hol l inge r ,  J .  P .  
"Pass ive  Microwave S t u d i e s ,  NASA-Navy Review of 
R e c e n t  hlicrowave S t u d i e s  of t h e  Ocean Surface ,  
NASA, Washington, D .  C. ,  1 2  June  1969. 

. Shapi ro ,  A . ,  Yaplee, B. S.  and Ul.iana, E .  A .  
"Radar Impulse Response of Rough Sur faces , "  
NASA-Navy Review of Recent Microwave S t u d i e s  of 
t h e  Ocean Sur face ,  NASA, Washington, D.  C .  
12 June 1969. 

Knowles, S .  H. 
"HZO Microwave Emission Sources," Conference on 
I n f r a - r e d  and Microwave Rad ia t ion  from Nebula and 
E x t r a g a l a c t i c  Systems, I n s t i t u t e  of T h e o r e t i c a l  
Astronomy, Cambridge, England, 8-11 J u l y  1969. 

c 

Hol l inge r ,  J .  P .  
. .  "Passive Microwave S tud ie s ,  Earth-Resources . Program-NASA. A i r c r a f t  P r o j e c t  2nd Annual Program 

Review, Houstonz Texas ,  17 September 1969. 
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* Talks  from Las t  Report  t h r u  September 1970 ( c o n t ' d . )  
, 

.Su l l ivan ,  W .  T. I11 
!'Observations of  Water Vapor L i n e  E m i s s i o n  a t  
1.35 ern i n  t h e  Galaxy," Astronomical Colloquium, 
Kapt e y n  Astronomical Labor a t  ory , G r  oningen, 
Holland, 29 September 1969 e 

. .  

'-Hammond, D. L .  
"The Effec t .  of Sea Roughness on t h e  Bandwidth of 
Radar Backsca t t e r , "  6 t h  I n t e r n a t i o n a l  Symposium 
on  Remote Sens ing  of  Environment, Ann Arbor, . 

.. Michigan, 14-16 October 1969. 

Shapi ro ,  A . ,  and Yaplee, B .  S .  
" S a t e l l i t e  A l t i m e t r y , "  Annual DoD Geodet ic ,  
Ca r tog raph ic  and Targe t  M a t e r i a l s  Conference, 
Cameron S t a t i o n ,  Alexandria ,  V i r g i n i a ,  29-31 
October 1969. 

Knowles, Stephen H .  
.. "Recent Microwave Observa t ions  of Molecules i n  

O u r  Galaxy," North J e r s e y  ACS hleeting a t  Seton 
H a l l  U n i v e r s i t y ,  South Orange, N e w  Je rsey ,  
24 November 1969. 

Johnston,  K .  J.  
"HB Observa t ions  o f  11 i Boo t i s , "  13lst AAS 
Meeting, N e w  York, New Yoi-k, 8-11 December 1969. 

Hobbs, R .  W .  and Johnston,  K .  J.' 
"Observations of H 11 Regions a t  0.95, 1 .65  and 
2.73 CM," 131st AAS Meeting, New York, N e w  York, 
8-11 December 1969. 

S u l l i v a n ,  W. T .  I11 and Knowles, S .  H.  
" I n t e n s i t y  V a r i a t i o n s  i n  G a l a c t i c  Sources  of 
1.35-cm H,O L i n e  Rad ia t ion , "  URSI-IEEE S p r i n g  
hIeeting, Washington, D.  C. ,  16-19 A p r i l  1970. 

Burke, B. F . ,  BIIT-RLE; Knowles, S .  H . ,  N R L ;  Bleeks, M.L., 
Moran, J.  M., MIT-Lincoln Lab. ; Papadopoulos, G.  D . ,  
Schwartz, P.  R . ,  MIT-RLE; and S u l l i v a n ,  W. T.  111, NRL 

"Long Base l ine  I n t e r f e r o m e t r y  of H,O Sources ,"  
VLBI Conference, NRAO, C h a r l o t t e s v i l l e ,  V i r g i n i a ,  
13-15 A p r i l  1970. 

. 
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* .  Tal1rs::from L a s t  Renor t  t h r u  Sentember 1970 ( c o n t ' d . )  

E r i c k s o n ,  W . ,  Univ .  of M a r y l a n d ;  B r o d e r i c k ,  J . ,  NRAO; 
Knowles,  S . ,  NRL; a n d  K u i p e r ,  T . ,  Univ .  of Md. 

"VLB O b s e r v a t i o n s  a t  1 2 0  MHz, ' I  VLBI C o n f e r e n c e ,  
mAO, C h a r l o t t e s v i l l e ,  V i r g i n i a ,  13-15 A p r i l  
1970.  

S u l l i v a n ,  W .  T. I11 
" I n t e n s i t y  . V a r i a t i o n s  i n  G a l a c t i c  S o u r c e s  of 
1.35-cm H,O L i n e  R a d i a t i o n , "  132ncl AAS Mee t ing ,  
B o u l d e r ,  C o l o r a d o ,  10-12 J u n e  1970 e 

S u l l i v a n ,  W .  T. I11 
" I n t e n s i t y  a n d  V e l o c i t y  V a r i a t i o n s  i n  G a l a c t i c  
S o u r c e s  of 1.35-cm H,O L i n e  R a d i a t i o n , "  X I V  
G e n e r a l  Assembly IAU, B r i g h t o n ,  Eng land ,  18-27 
Augus t  1970. 

C l a r k ,  T . ,  Donn, B., GSFC; a n d  S u l l i v a n ,  W . ,  NRL 
" S e a r c h  for Microwave H, 0 E m i s s i o n  i n  Comet 

.. B e n n e t t  (1969  I ) ,  " X I V  G e n e r a l  Assembly I A U ,  
B r i g h t o n ,  Eng land ,  18-27 Augus t  1 9 7 0 ,  

Mayer, C.  H .  a n d  McCullough, T.  P. 
"Rad io  S p e c t r a  of Uranus  and  Nep tune , "  X I V  
G e n e r a l  Assembly I A U ,  B r i g h t o n ,  E n g l a n d ,  18-27 
Augus t  1.970. 

. 
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SPACE SCIENCE DIVISION 

Rocket Spectroscopy Branch (Code 7140) 

. P u b l i c a t i o n s  - J u n e  1969 through August 3.970 

W i n t e r ,  T .  C . ,  J r .  and  VanHoosier, M.  E. 
"Schumann-Type Photographic  Film Pre l iminary  

- Environment T e s t  R e s u l t s , "  NRL Report N o .  
7072, May 1970, Report  of  NRL P rogres s .  

Hunter,  W. R., Hass, G . ,  and Ramsey, J .  B. 
"Ref 1. ec t a nc e of t h e  Semi t r a nspar  e n t P1 a t i num 
Fi lms on Various S u b s t r a t e s  i n  t h e  Vacuum 
U l t r a v i o l e t ,  'I  J o u r n a l  of t h e  O p t i c a l  Soc ie ty  
of America, - 59,  499, A p r i l  1969. 

Hunter,  W .  R . ,  Hass, G .  and Ramsey, J .  B .  
"Re f l e  c t a lice of t h e  Semi t r a nspar e n t P1 a t i nun1 
Filnis on Various S u b s t r a t e s  i n  t h e  Vacuum 
U l t r a v i o l e t , "  Applied Opt ics ,  I 8,  2255-2259, 
November 1969. 

* Tousey, R .  
"Observatory Report ,  Rocket Spectroscopy 
Branch - Personnel ,  The Astronomical J o u r n a l ,  
- 1, VOl. 2, (1969).  , -  

Winter, T. C . ,  J r .  
"DOD. S o l a r  Experiments i n  NASA Pro to type  
Space S t a t i o n , "  M i l i t a r y  Review, pp 58-63, 

..February 1970. 

. G i n t e r ,  hl.  1,. and T i l f o r d ,  S. G .  
" ' 3 A '  Bands of CO" (Reanalysis  of t h e  ' 3 A '  
Bands of CO: t h e  c311 -.1 a311 T r a n s i t i o n ) ,  
J o u r n a l  of bIolecular Spectroscopy - 31, 292-307, 
August 1969. 

T i l f o r d ,  S. G . ,  Howard, R .  A .  and V a n d e r s l i c e ,  J .  R .  
U n i v e r s i t y  of Maryland. 

"Jon U e n s i t i e s  i n  t h e  Night Ionosphere ,"  
P l a n e t a r y  and Space Science,  V o l .  IS, 
February 1970, pp. 145-153. 

. .- 

* Included i n  Code 7100 l i s t i n g :  
. 
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Code 7140 

P u b l i c a t i o n s  - June  9969 through August 1970 con t inued  

T i l f o r d ,  S. G . ¶  Meriwether,  J .  W., Jr. and Benesch, 
. FV. M . ,  U n i v e r s i t y  of Maryland. 

" C h a r a c t e r i s t i c s  of a Vi sua l  Aurora Following 
a S o l a r  F l a r e , "  P l a n e t a r y  and Space Sc ience ,  
pp.525-534, - 18, A p r i l  1970. 

Hunter ,  I V .  R .  
"Light Source? f o r  S t e t l a r  Telescope Ca l ib ra -  
t i o n  from 700A t o  7000A," NRL P rogres s  Report  
of September 9969, (1-9).  

T i l f o r d ,  S. G . ,  Sinmons, J .  G .  (NBS), Innes ,  K .  K . ,  
and McSwiney, K. U . ,  Jr., Athezs Col lege ,  Georgia .  

"Analys is  of t h e  B1 - X1 A, E l e c t r o n i c  
T r a n s i t i o n s  of  Pyrimidine-  d, a n d  d, Vapors," 
J o u r n a l  of hlolecular Spectroscopy,  - 31, 76-94, 
J u l y  1969. 

. 
Hunter ,  1'. R .  

Coiments on: "Opt ica l  Surf ace  Uegradat ion 
from Combined U l t r a v i o l e t  Rad ia t ion  and Out- 
gassed  Mate r i a l s "  by J .  F. Scannapieco and 
R .  N .  G r i f f i n ,  J o u r n a l  of Vacuuni Sc ience  and 
Technology, Vol.  7 ,  N o .  2 ,  J ~ l y  1969. 

T i l f o r d ,  S. G .  , G i n t e r ,  M .  J . a n d  Vandcrs l i ce ,  J .  T .  
"Electronic S p c c t r a  and ' s t r u c t u r e  of  t h e  Hydrogen 
Ha l ides .  I .  The b3 n ., and c1 j-j S t a t e s  of 

.,HC1 and D C 1 ,  " Joui-nal of Molecular Spectroscopy,  
- 33, 505-519, (1970).  

Hunter ,  I V .  R . ,  and Hass, G .  
" l a b o r a t o r y  Experiments t o  Study Sur face  
Contamination a n d  Degradat ion of O p t i c a l  Coat- 
i n g s  and M a t e r i a l s  i n  Simulated Space Environ- 
m e n t s , "  August 1969, Submitted f o r  P u b l i c a t i o n .  

T i l f o r d ,  S. G., G i n t e r ,  11. I,. and B a s s ,  A .  M. (NBS) 
" E l e c t r o n i c  Spec t r a  and S t r u c t u r e  of t h e  Hydrogen 
H a l i d e s .  111. The b3 31, and c1 I1 S t a t e s  of 
H I  and D I ,  'I Journa l  of RIolecular Spec t roscopy,  
34, 327-340, Yay 1970. - 

* 
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Code 7140 

. P u b l i c a t i o n s  - June 1969 through August 1970 cont inued  
, 

G i n t e r ,  h l .  L,. and T i l f o r d ,  S. G .  
. .  " E l e c t r o n i c  S p e c t r a  and S t r u c t u r e  of t h e  Hydrogen 

Ha l ides .  11. The b3 I I i  and c1 I1 S t a t e s  of 
HBr and D B r ,  " J o u r n a l  of Molecular Spec t roscopy,  - 34, 206-221, May 1970. 

Hunter ,  W .  R . ,  Osantowski,  J .  F. (GSFC) and Hass, G .  
"Reflectance of eluminum oOvercoated wi th  MgF2 
of LiF  from'1500A t o  300A a t  Var ious  Angles 
of Incidence, ' . '  Meeting of t h e  O p t i c a l  Soc ie ty  
of A m e r i c a ,  September 1969, submi t t ed  for . 
p u b l i c a t i o n  i n  Applied Optics  e 

Hunter ,  N. R .  and Winter ,  T .  C . ,  S r .  
Spec t roscopy i n  t h e  Space Sc ience  Div i s ion  I 1  

of  t h e  Naval Research Labora tory ,  " ONR Reviews, 
(1969) . 

Gul ledge ,  I .  S.  , Packer ,  I). M .  , T i l f O r d ,  S. .G. and 
Vander s l i ce ,  J .  T. 

"Discussion of Rocket Nightglow Data of ISG, 
DMP, SGT, and JTV, ' I  Geophysical  Research 
JoUlqnal, - 75 , 2616-2617, (1970).  

Boardman, W .  J .  and B i l l i n g s ,  D. E .  
"A Coronal Knhancement i n  t h e  Extreme U l t r a -  
v i o l e t  , " The As t rophys ica l  Jou rna l  , -- 156, 
731-738, May 1969. 

Tousey, R .  
So 1 a r  A s t r o nomy , I n t e r n a t i ona  1 A s  t r on omi c a 1 

Union Agenda and D r a f t  Repor t s  f o r  1969. 

H a s s ,  G .  and Hunter ,  W. R .  
"L.aboratoi-y Experiments t o  Study Sur face  
Contaminat ion and Degradat ion,  " J o u r n a l  of 
Applied Optics ,  August 1969. 

Koomen, M. J . ,  Plirckll, J .  0 .  and Tousey, R .  
"Rocket Observa t ions  o.f t h e  Corona on 7 March 
1970, " NATURE - 226 , . 1135-1139 , ,June 1970. 

c 
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P u b l i c a t i o n s  - June 1969 through August 1970 cont inued 

Widing, K. G . ,  J .  D. Purcel.l, and SanGlin, G .  D. 
"The UV Continuum 14501, t o  2100A and t h e  
Problem of t h e  Solar  Temperature hIinimum, If . 
Solar Phys ic s  -3 1% 52-82, A p r i l  1970. 

Hunter,  W. R.  
"Semi-Automatic A c q u i s i t i o n  of Extreme Ul t r a -  
v i o l e t  R e f l e c t a n c e  Data f o r  C a l c u l a t i n g  O p t i c a l  
C o n s t a n t s  , I' The Review of S c i e n t i f i c  Ins t ruments  
(submit ted 9970).  

Koomen, hl. J . ,  P u r e e l l ,  J .  I)., and Tousey, R .  
"Rocket Observa t ions  of t h e  Corona on 7 hlarch 
I970 , " submi t ted  t o  NASA f o r  "Spec ia l  Puhl ica-  
t i o n  of 1970 E c l i p s e  E f f o r t " .  

Bruecliner, G .  E .  , Bar toe ,  J .  F. , Nico las ,  K .  R .  , a n d  
Tousey, R .  

"The S o l a r  UV F lash  Spectrum 1400A t o  1960a,"  
NATURE - 226, 1135-1138, June 20, 1970. 

- G i n t e r ,  hI.  L . ,  and T i l f o r d ,  S. G .  
" E l e c t r o n i c  Spec t r a  and S t r u c t u r e  of the Hydrogen 
Ha l ides  , 'I J o u r n a l  of Molecular Spectroscopy - 33 , 
505-519 (1970).  

Ben'esch, W., Vanders l ice ,  J .  R . ,  and T i l f o r d ,  S. G .  
"K-Centroid C a l c u l a t i o n s  f o r  Ohsei-ved and 
Permi t ted  T r a n s i t i o n s  i n  N, ,'.I accepted f o r  pub l i -  
c a t i o n  by J o u r n a l  of Molecular Spectroscopy , hlay 1970. 

W i n t e r ,  . T .  C . ,  J r .  , and VanXoosier, hl .  E. 
Sc huma nn - Type Pho t o g  r ap h i c ?'i lm Pr e 1 i ni i n a r y 

Environment Test Resul t s  , " Report of NRL Progress ,  
15-16, May 1970. & 

- .  P i t z ,  E. E. 
"Spec t r a l  Radiance of t h e  Carbon Arc between 2500a . 
and 1900&," submi t ted  f o r  p u b l i c a t i o n  t o  Applied 
O p t i c s ,  June 1970. 



B Code 7140 

P u b l i c a t i o n s  - June' 1969 t h r o u g h  Augus t  1970 c o n t i n u e d  

T i l f o r d ,  S. G . ,  Simmons, '.J. D . ,  H e r z b e r g  and  Hugo, T. J .  
" R o t a t i o n a l  A n a l y s i s  o f  t h e  F o r b i d d e n  
d3 0, +- X 1 El- A b s o r p t i o n  Bands  of Carbon -. 
Monoxide,  "-- C a n a d i a n  J o u r n a l  of P h y s i c s ,  
June  12 ,  1970, ( a c c e p t e d  f o r  p u h ~ i c a t i o n ) .  

Meier, R .  R.  and  P r i n z ,  D .  K .  . .  " A b s o r p t i o n  o f  t h e  S o l a r  3: yman-cx L i n e  b y  
G e o c o r o n a l  A t o m i c  Hydrogen ,  " J o u r n a l  of 
G e o E h y s i c a l  R e s e a r c h  (Rel. d t d :  6-8-70). 

G i n t e r ,  hl.  X .  and  T i l f o r d ,  S.  G .  
" E l e c t r o n i c  Spectra and  S t r u c t u r e  of t h e  
Hydrogen H a l i d e s :  S t a t e s  A s s o c i a t e d  w i t h  t h e  
(0 TI )CV and  (a v )co. C o n f i g u r a t i o n s  o f  HBr  
a n d  D R r  . J o u r n a l  of Rlo lecular  S p e c t r o s c o p y  , 
( a c c e p t e d  f o r  p u b l i c a t i o n ) ,  (1970) . 
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SPACE SCIEECE O I V I S I O N  

Rocket Spectroscopy Branch (Code 7140) 

Ta lks  - June 1969 through 'August 1970 

Tousey, R .  
"Some Experiments on t h e  Corona Surrounding . 
a Spacec ra f t  - P a s t ,  Planned, and Proposed," 
ABSTRACT, O p  t i c a 1 C o n  t ain i n a t i on i n Sp a c  e 
Symposium Rocky hloun t a i  n See t i o n .  Opt i c a  1 
Soc ie ty  of America Meeting, Snowmass-at-Aspen, 
Aspen, Colorado, 13-15 August 1969. 

Hunter,  W. R .  and H a s s ,  G .  
. "Laboratory Experiments t o  Study Surf ace  

Con t ami na t i  on and Degr ad a ti on o f Op t i c a 1 
Coat ings  and M a t e r i a l s  i n  Simulated Space 
Envi r o nnie 11 t s , " AB STRA CT , O p  t i c a 1 Con t ani i 11 a - 
t i o n  i n  Space Symposium Rocky Mountain Sec t ion  , 
Snowmass-at-Aspen, Aspen, Colorado, 13-15 
August 1969. 

Hunter,  W .  R . ,  Osantowski, J .  F. (GSFC) , and Hass, G .  
"Reflectance 2f Alumiirfum Coated w i t h  AIgF, o r  
LiH froni 1500A t o  300A a t  Various Angles of 
I n c i d e n c e ,  " ABSTRACT, O p t i c a l  Soc ie ty  of 
America RIeeting, Chicago, I l l i n o i s ,  21-24 O c t  
1969. 

Hunter ,  IV. R.  
"Spectroscopy i n  t h e  Space Sciences, " Naval 
Reserves  Seminar, 17 June 1963. 

Winter ,  T .  C.  , Jr. 
"NRL Experiments i n  t h e  Apollo Telescope Mount" 
Naval Research Laboratory , Naval Reserves 
Seminar, 17 J u n e  1969. 

Hunter,  W. R . ,  Winter,  R .  C.  , Jr. 
"Spectroscopy i n  t h e  Space Science Div i s ion  
of t h e  Naval Research Laboratory,  '' NRL 
Sponsors '  Day, 13-15 AIay 1969. 

c. 
i 
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T a l k s  - June 1969 through August 1970 cont inued  

Purcell,. J .  D.  and Tousey., R .  
"A Photographic  Spectrum of a Flare  i n : t h e  
XUV, " ABSTRACT, S o l a r  T e r r e s t r i a l  Phys ic s  . 
1970 I n t e r n a t i o n a l  Symposium, Leningrad , USSR, 
May 1970. 

Widing, K .  G .  
"A Review of Recent  Determina t ions  of t h e  
Solar  Abundance of I r o n ,  " ABSTRACT, Plasma 
P h y s i c s  Group, U n i v e r s i t y  of RIaryland, 
f December 1969. 

C. Brueckner ,  G .  E. and Tucker,  B. J .  
"Sec Vidicons as  Oetectors i n  O i g i t i z e d  
Photometr ic  Image-Forming Systems f o r  Astro-  
nomical Observa t ions  from t h e  Ground and 
S a t e l l i t e s ,  " ABSTRACT, A A S  and NASA 
Symposium, P r i n c e t o n  U n i v e r s i t y ,  N e w  J e r s e y ,  
20-21 May 1970. 

Tousey, R .  
"Observat ions of t h e  Sun i n  t h e  Extreme 
U l t r a v i o l e t ,  " The Royal S o c i e t y  of London, 
England , Discussioi i  Meeting on So la r  , S t u d i e s ,  
21-22 A p r i l  1970. 

S a n d l i n ,  G .  I ) .  
"Wavelengths and I d e n t i f i c a t i o n s  of Solax 
Emi2sion Lilies i n  t h e  Specti-a1 Range 145A t o  
425A, " ARSTRACT, AAS, Un ive r s i ty  of Colorado, 
9-12 June  1970. 

Nicolas ,  K .  R . ,  Brueckner ,  G .  E.  , Bar toe ,  J .  D.  and 
Tousey, R .  

"The U l t r c v i o l e t  Flash Spectrum of t h e  Sun 
from. 1400A t o  1960-;-, " ABSTRACT, AAS, U n i v e r s i t y  
of Colorado, Boulder ,  Colorado, 9-12 June 1970. 

Moe, 0. K . ,  Brueckner,  G .  E .  and Hagyard, RI. J .  
. " P r o f i l e  and P o t a r i z a t i o n  o f  t h e  Zeeman 

Triplet 5250.228, If  ABSTRACT,AAS, U n i v e r s i t y  
of Colorado, Boulder ,  Colorado, 9-12 June 1970. 
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Talks  - June 1969 through August 1970 con t inued  

' S c h e r r e r ,  V .  E.  
"The NRL Observing Program, " ABSTRACT, NRL 
A i r  I 'orce Tra in ing  Seminar, 22 A p r i l  1970. 

Koomen, M. J . ,  P u r c e l l ,  J .  D.  and Tousey, R .  
"Rocket Observa t ions  of t h e  Corona on 
7 hlarch 1970,"  AAS, Un ive r s i ty  of Colorado, 
9-12 June  1970. . .  

Brueckner ,  G.  E. 
" Ins t rumen ta t ion  of t h e  NRL Solar  E c l i p s e  
Rocket ,  7 March 1970, ' I  I A U  Symposium No. 41, 
Munich, Germany, 10-14 August 1970. , 

Brueckner ,  G .  E.  
"A Sec, Vidicon System f o r  S a t e l l i t e  Applica- 
t i o n s ,  ABSTRACT, I A U  Symposium N o .  41, 
Munich, Germany, 10-14 August 1970. 

Brueckner ,  G .  E .  
,"A N e w  Completely U i g i t i z e d  F i l t e r  
-Magnetograph, " ABSTRACT, I A U  Symposium N o .  13, 
College d e  France,  P a r i s ,  Prance,  31 A~ig~1s.i; 
th rough September 1970. 

Brueckner ,  G .  E .  
"The oUV r ' lash Spectrum of t h e  Sun 1400k t o  
1960A, Preliminary R e s u l t s  of the NRL E c l i p s e  
Rocket E l i g h t  of 7 March 1970, ABSTRACT, 
14th Genera l  Assembly of t h e  I A U ,  B r igh ton ,  
Sussex, England, 1 S - 2 7  August 1970. 

Brueckner ,  G .  E.  
"Observat ion of Stai-ck - E f f e c t  i n  a Fai- UV 
F l a r e  Spectrum, 'I ABSTRACT, 1 4 t h  General  Assembly 
of I A U ,  Un ive r s i ty  of Sussex, Eng land ,  18-27 
August 1970. 
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APPENDIX B 

COLLOQUI A E. 0. Hulburt  Center  for Space Research/ 
Laboratory f o r  Cosmic Ray Phys ics  

2 September 1969 

- - - - - - - - - - - - - - - - - - _ _ - - - - - - - - - - - - - - - - -  

Prof .  W. J. G. Beynon, U n i v e r s i t y  of Wales 
W a g n e t i c  Storms and Tropospheric  Winds" 

1 9  September 1969 
P r o f .  J.  A. Rober t s ,  U n i v e r s i t y  of Toronto 
" I n t e r  st e 1 l a r  Sc i n t  i 1 l a t  i o n s  l 1  

24 September 1969 
P ro f .  0. E. H. Rydbeck, Chalmers I n s t .  of Technology, 
Gothenburg, Sweden 
"New Sources  of G a l a c t i c  OH Emission" 

3 October 1969 
. Mr. Roger Thomas, U n i v e r s i t y  of Michigan 

*lFlare-Associated So la r  S o f t  X-Ray Burs t sT1 

16 October 1969 
D r .  John N. Bahca l l ,  School of Natura l  Sciences,  P r ince ton ,  N . J .  
( l e a v e  of absence from C a l i f .  I n s t .  of Tech.)  
W o l a r  Neutr inos"  

23 October 1969 
P ro f .  E.  N. Parker ,  U n i v e r s i t y  of Chicago 
"The O r i g i n  of Magnetic F i e l d s  i n  t h e  Ast rophys ica l  Universe" 

30 October 1969 
Dr. E. Bauer, I n s t .  f o r  Defense Analysis ,  Ar l ing ton ,  V a .  
"Energy Balance and Energy T r a n s f e r  i n  t h e  Lower Thermosphere" 

13 November 1969 
P ro f .  C a r l  Sagan, Cornel1 U n i v e r s i t y  
"Recent S t u d i e s  of t h e  P l a n e t  Venus" 

20 November 1969 
D r .  K.  I .  Kellerman, Nat iona l  Radio Astronomy Observatory,  
Greenbank, W. V a .  
'Tompact Radio Sources i n  Galaxies  and Quasars" 

4 December 1969 
P r o f .  R. H. Dicke, P r i n c e t o n  U n i v e r s i t y  
"The S o l a r  Obla teness ,  I t s  S ign i f i cance"  

8 December 1969 
Dr.. James E. F e l t e n ,  I n s t .  of T h e o r e t i c a l  Astronomy, Univ. 
of Cambridge , England 
"Observations and Theor i e s  of t h e  Jet  i n  Galaxy M87" 

17 December 1969 
D r .  Richard C. Henry, Johns Hopkins Un ive r s i ty ,  B a l t . ,  Md. & NRL 
T n t e r s t  e l l a r  Gra ins  

18 December 1969 
D r .  B. Zuckerman, U n i v e r s i t y  of Maryland 
"Observations of Polyatomic I n t e r s t e l l a r  Moleculesf1 
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15 January 1970 
D r .  Glenn M. Frye,  Case-Western Reserve Un ive r s i ty ,  Cleveland, 
Ohio 
"Recent Developments i n  Gamma Ray Astronomy" 

22 January 1970 
P ro f .  Kenneth Gre i sen ,  Cornel1 Un ive r s i ty ,  I t h a c a ,  New York 
"Origin of t h e  Background Gamma Radia t ion"  

5 February 1970 
D r .  Cha r l e s  Bar th ,  Un ive r s i ty  of Colorado 
"Mariner Measurements of Lyman-Alpha Emissions from t h e  Ea r th ,  
Venus, Mars and t h e  Galaxy" 

19 February 1970 
P r o f .  W e  G. F a s t i e ,  Johns Hopkins U n i v e r s i t y  
" U l t r a v i o l e t  S t u d i e s  of P l a n e t a r y  Atmospheresff 

26 February 1970 
M r .  Kenneth F r o s t ,  Goddard Space F l i g h t  Center ,  Greenbel t ,  Md. 
"Hard S o l a r  X-Ray Observat ions from t h e  F i f t h  O r b i t i n g  S o l a r  
Observator  yt1 

5 March 1970 
D r .  Gleb Wataghin, D i r . ,  I n s t .  of Phys ics ,  U n i v e r s i t y  of 
Tur in ,  I t a l y  
"On a Model of t h e  Expanding Universe" 

12  March 1970 
P r o f .  A. Dalgarno, Harvard College Observatory,  Cambridge, Mass. 
"Atomic P rocesses  i n  t h e  I n t e r s t e l l a r  Medium" 

1 9  March 1970 
D r .  K a r l  G. Henize,(NASA Ast ronaut ) ,  Manned Spacec ra f t  Center ,  
Houston, Texas 
"The Fu tu re  of Astronomy i n  Manned Space F l i g h t "  

Dr. Car l  F i c h t e l ,  Goddard Space F l i g h t  C t r ,  Greenbel t ,  .Mde 
Y3olar Cosmic Rays" 

2 Apr i l  1970 r 

24 Apr i l  1970 
D r .  Oved Shisha,  Aerospace Research Labora to r i e s ,  Wright-Pat terson 
A i r  Force Base 
'IRearrangements of Numerical Sequences and The i r  Geometric 
I n t e r p r e t a t i o n "  

24 Apr i l  1970 
D r .  J.  David Bohlin,  M t .  Wilson and Palomar Obse rva to r i e s ,  
C a l i f o r n i a  I n s t .  of Technology, Pasadena, C a l i f .  
"S t ruc tu re  and Evo lu t ion  of Coronal Streamersrf  
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17 June 1970 
P ro f .  Cha r l e s  H. Townes, Un ive r s i ty  of C a l i f o r n i a  
"Recent Work on t h e  Nature of I n t e r s t e l l a r  Matter" 

25 June 1970 
P ro f .  Yash P a l ,  T a t a  I n s t .  of Fundamental Research, 
Bombay, I n d i a  
"Pe r spec t ives  i n  High Energy P a r t i c l e  Astronomyt1 

20 August 1970 
P ro f .  Yehuda Yeivin,  Univ. of Tel-Aviv and 
Goddard I n s t i t u t e  f o r  Space S t u d i e s  
"Muon Spec t r a  and Charge Ra t ios  i n  t h e  Cosmic Radia t ion"  

15 September 1970 
Dr. Richard C. Henry, Johns Hopkins Un ive r s i ty  and 
E.  0. Hulburt  Center  f o r  Space Research, NRL 
"Recent R e s u l t s  i n  X-Ray and U l t r a v i o l e t  Astronomyt1 

8 October 1970 
P r o f .  K. McCracken, Un ive r s i ty  of Adelaide, South A u s t r a l i a  
and U n i v e r s i t y  of Texas a t  Dallas 
'!Solar Cosmic Rays" 
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